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(57) ABSTRACT 

A semiconductor device (100) of the present invention has a 
structure in which an interlayer insulating layer (115) is 
formed on an uppermost wire (114), contacts (116, 117) 
penetrate the interlayer insulating layer (115), a lower elec 
trode (118a) of the resistance variable element is formed on 
the interlayer insulating layer (115) to cover the contact 
(116), and resistance variable layer (119) is formed on the 
interlayer insulating layer (115) to cover the lower electrode 
(118a) and the contact (117). The contact (116) and the lower 
electrode (118a) serve as a first terminal, while the contact 
(117) serves as a second terminal. 
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SEMICONDUCTOR DEVICE, 
MANUFACTURING METHOD OF 
SEMICONDUCTOR DEVICE, 

SEMCONDUCTOR CHP AND SYSTEM 

RELATED APPLICATIONS 

0001. This application is the U.S. National Phase under 35 
U.S.C. S371 of International Application No. PCT/JP2009/ 
002570, filed on Jun. 8, 2009, which in turn claims the benefit 
of Japanese Application No. 2008-151320, filed on Jun. 10, 
2008, the disclosures of which Applications are incorporated 
by reference herein. 

TECHNICAL FIELD 

0002 The present invention relates to a semiconductor 
device including nonvolatile resistance variable elements 
which stably change resistance values to be retained, in 
response to Voltage pulses applied, a manufacturing method 
of the semiconductor device, a semiconductor chip incorpo 
rating the semiconductor device, and an application system 
using the semiconductor device. 

BACKGROUND ART 

0003. In recent years, with advancement of digital tech 
nologies, electronic hardware such as portable information 
devices and information home appliance have been devel 
oped to provide higher speeds and higher functionalities. 
With progresses of higher-speed and highly-functional elec 
tronic hardware, there has been an increasing demand for 
fuses with several hundreds bit level for regulation after 
completion of LSI or system boards. 
0004. The fuses have a wide variety ofuses such as numer 
ous process products and generation LSI Such as state-of-the 
art CMOS and bipolar CMOS analogs. Therefore, it is 
required that the fuses be easily applied to devices and pro 
CCSSCS. 

0005 Under the circumstances in which there have been 
Such demands, electric fuse elements, polysilicon fuse ele 
ments, laser fuse elements and so on have been convention 
ally used. But, these fuse elements can overwrite only once in 
an operation principle. 
0006 An exemplary application of nonvolatile elements 

to fuses is a flash memory or a ferroelectric memory. These 
memories require many additional masks to process of the 
existing CMOS, for example, five to ten additional masks, 
which has a disadvantage in cost performance and provides 
low compatibility with other processes. 
0007. These days, as a use of the fuses, there has been 
proposed three-dimensional nonvolatile elements in cross 
point array, comprising memory cells each including a resis 
tance variable memory and a polycrystalline silicon diode 
which are stacked together (see patent document 1). 
0008 FIG. 32 shows a cross-section of a semiconductor 
device 10 of the proposed use. To be specific, a memory cell 
is constituted by a pillar 17 including a diode 18. The diode 18 
is provided on a ReRAM stack 20 having a MIM structure 
composed of an upper electrode 66, a resistance variable layer 
68, and a lower electrode 70. The ReRAM stack 20 is pro 
vided on a bit line 22, and the diode 18 is provided under a 
word line 12. As desired, a barrier layer 19 is provided 
between the ReRAM stack 20 and the diode 18. The cross 
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point of the bit line 22 and the word line 12 serves as the 
memory cell in the cross-point array. 

PRIOR ART DOCUMENT 

Patent Document 
0009 Patent document 1: Japanese Laid-Open Patent 
Application Publication No. 2007-165873 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0010. However, fuse elements using the above mentioned 
resistance variable elements are inevitably affected by post 
process steps which are steps for forming contacts and wires 
above resistance variable layers, after forming the resistance 
variable layers. Especially when resistance variable layers 
containing oxygen which are represented by transition metal 
oxide are used, oxygen diffuses in the resistance variable 
layers due to thermal budget in the post-process steps, result 
ing in a variation in cell resistances. 
0011. The present invention is directed to solving the 
above mentioned problem, and an object of the present inven 
tion is to provide a semiconductor device in which nonvolatile 
resistance variable elements which stably change resistance 
without being affected by post-process steps such as a wiring 
step are formed in Such a manner that resistance variable 
layers are formed at the upper side of uppermost wires and 
potential is led out from underlying layers of the resistance 
variable layers (i.e., potential of the resistance variable layers 
is detected from underlying layers of the resistance variable 
layers), and the nonvolatile resistance variable elements are 
used as fuse elements for application to various processes, 
and a manufacturing method of the semiconductor device. 

Means for Solving the Problem 
0012 To achieve the above object, a semiconductor device 
of the present invention comprises a semiconductor Substrate; 
a plurality of transistors formed on the semiconductor Sub 
strate; a multi-layered wire structure including wires 
arranged in different layers via an insulating layer above the 
plurality of transistors, the multi-layered wire structure con 
necting a resistance variable element to the transistor, the 
resistance variable element being configured to change its 
resistance in response to Voltages applied thereto; a first ter 
minal and a second terminal which are formed above an 
uppermost wire of the multi-layered wire structure and are 
electrically connected to the uppermost wire, or the first ter 
minal and the second terminal which are formed in a part of 
the uppermost wire; and resistance variable layer which is 
arranged to cover and contact an upper Surface of at least one 
of the first terminal and the second terminal; and the resis 
tance variable element including the first terminal, the resis 
tance variable layer and the second terminal. 
0013. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating 
resistance variable memories stably without being affected by 
post-process steps. 
0014 When the first terminal and the second terminal are 
formed using a part of the uppermost wire, masks used to 
fabricate these terminals individually and steps for fabricat 
ing these terminals are omitted. Therefore, it is possible to 
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implement a semiconductor device at a reduced process cost 
without increasing the number of process steps. 
0015. In the semiconductor device of the present inven 

tion, the resistance variable element may include the first 
terminal, the resistance variable layer and the second terminal 
such that the resistance variable element does not share the 
resistance variable layer with the other resistance variable 
elements. 
0016. In the above configuration, in the semiconductor 
device of the present invention, the resistance variable ele 
ment is operable stably without being affected by writing to 
other adjacent resistance variable elements, and can serve as 
the fuse element effectively. 
0017. In the semiconductor device of the present inven 

tion, the resistance variable layer may be arranged to cover 
and contact an upper surface of both of the first terminal and 
the second terminal. 
0018. In this way, the resistance variable layer may be 
formed at the upper side of the uppermost wire and the resis 
tance variable element may operate horizontally. 
0019. An upper surface of the resistance variable element 
may be covered with only a passivation layer. In such a 
configuration, only a step for forming the passivation layer is 
performed after forming the resistance variable element. This 
makes it possible to minimize an influence of thermal treat 
ment and the like. Furthermore, since the entire upper surface 
of the resistance variable element is covered with the highly 
moisture-resistant passivation layer, the resistance variable 
element is allowed to have a stable resistance changing char 
acteristic and reliability without being affected by external 
environment. 

0020. A material of the first terminal may be different from 
a material of the second terminal. In Such a configuration, the 
resistance variable layer is allowed to change its resistance at 
a specified region which is an interface between the resistance 
variable layer and metal which provides higher compatibility 
with the resistance variable layer, and an incorrect operation 
at an opposite interface can be suppressed. 
0021. Either one of the first terminal and the second ter 
minal may includes electrode layer comprising precious 
metal which is in contact with the resistance variable layer. 
The precious metal may include platinum and iridium. In 
Such a configuration, precious metal does not react with the 
resistance variable layer at a low temperature and serves as a 
stable electrode. Especially, since platinum and iridium are 
relatively higher in standard electrode potential of redox for 
enabling a stable resistance changing operation to occur, a 
semiconductor device with a stable characteristic can be 
implemented using platinum and iridium. In some cases, 
precious metal may be a cause of junction leakage associated 
with the transistors. But, since the precious metal is used for 
the uppermost wire which are positioned distant from the 
transistors, there is substantially no fear of contamination 
which would be caused by diffusion of the precious metal. In 
the manufacturing method, the precious metal is used in a step 
which is close to a final step. This can significantly reduce 
semiconductor equipment exclusive for contamination of the 
precious metal. 
0022. A conductive layer which is lower in resistance than 
the resistance variable layer may be formed on the upper 
Surface of the resistance variable layer. In Such a configura 
tion, since the conductive layer is lower in resistivity than the 
resistance variable layer, a wire resistance between the first 
terminal and the second terminal can be reduced. The con 
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ductive layers serve as the upper electrode of the resistance 
variable element, and in Some cases, design flexibility is 
improved such that the resistance variable layer is allowed to 
change its resistance in a region at the upper electrode side. 
0023 The conductive layer may include electrode layer 
comprising precious metal in contact with the resistance vari 
able layer. For the reason mentioned above, there is substan 
tially no fear of contamination in addition to achievement of 
a stable resistance changing characteristic. 
0024. The resistance variable layer may comprise a tran 
sition metal oxide. In particular, the resistance variable layers 
may comprise a tantalum oxide. In Such a configuration, the 
resistance variable layer has a reversible and stable rewrite 
characteristic and a good resistance value retention charac 
teristic as well as high-speed operability. Especially when the 
tantalum oxide is used for the resistance variable layer, it is 
possible to implement a semiconductor device which can be 
manufactured with a manufacturing process which is highly 
compatible with a standard Si Semiconductor process. 
0025. The resistance variable layer may include two tran 
sition metal oxide layers which are different from each other 
in oxygen concentration, and a portion of the resistance vari 
able layer which is in contact with one of the first terminal, the 
second terminal and the conductive layer may be the transi 
tion metal oxide layer with higher oxygen concentration, of 
the two transition metal oxide layers. In Such a configuration, 
the resistance variable layer is allowed to change its resis 
tance at a specified region which is an interface where oxygen 
concentration is higher, and an incorrect operationatan oppo 
site interface can be suppressed. In addition, a step (forming 
step) for allowing oxygen to concentrate at one of the first 
terminal and second terminal by applying a Voltage after the 
end of diffusion of oxygen can be dispensed with. The resis 
tance variable element is operable in a forming-less method, 
without a need for a high forming Voltage, and at low Volt 
ageS. 
0026. A method of manufacturing a semiconductor device 
of the present invention comprises the steps of forming a 
plurality of transistors on a semiconductor Substrate; forming 
wires in different layers via an insulating layer above the 
plurality of transistors; forming a first terminal and a second 
terminal on an uppermost wire Such that the first terminal and 
the second terminal are electrically connected to the upper 
most wire; forming a resistance variable layer Such that the 
resistance variable layer covers and contacts the upper Sur 
face of at least one of the first terminal and the second termi 
nal; and covering an entire Surface of the resistance variable 
layer with a passivation layer. 
0027. In such a method, since the resistance variable layer 

is formed at the upper side of the uppermost wire and electric 
potential is led out from underlying layers, it is possible to 
implement a semiconductor device incorporating nonvolatile 
resistance variable memories which can change its resistance 
stably without being affected by post-process steps such as a 
wiring step. 
0028. A method of manufacturing a semiconductor device 
of the present invention, comprises the steps of forming a 
plurality of transistors on a semiconductor Substrate; forming 
wires in different layers via an insulating layer above the 
plurality of transistors; forming resistance variable layer Such 
that the resistance variable layer covers and contacts the 
upper Surface of apart of the uppermost wire; and covering an 
entire Surface of the resistance variable layers with a passiva 
tion layer. 
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0029. In such a method, in addition to the above advan 
tage, masks used to fabricate the first terminal and the second 
terminal individually and the process steps for fabricating 
these terminals individually are omitted. Therefore, it is pos 
sible to implement a semiconductor device at a reduced pro 
cess cost without increasing the number of process steps. 
0030 The method may further comprise a step of forming 
conductive layers over the upper Surface of the resistance 
variable layer, the conductive layer being lower in resistance 
than the resistance variable layer. With addition of such a step, 
since the conductive layer is lower in resistivity than the 
resistance variable layer, wire resistance between the first 
terminal and the second terminal can be reduced. The con 
ductive layer serves as the upper electrode of the resistance 
variable element, and in some cases, the design flexibility is 
improved such that the resistance variable layer is allowed to 
change its resistance in a region at the upper electrode side. 
0031. A semiconductor chip of the present invention com 
prises the above semiconductor device of the present inven 
tion; and a semiconductor memory or an analog processing 
LSI. For example, the semiconductor chip may be a chip in 
which the above semiconductor device of the present inven 
tion is incorporated into a fuse circuit used to relieve faulty 
bits in semiconductor memories. Or, the semiconductor chip 
may be a chip in which the above semiconductor device of the 
present invention is incorporated as a correction circuit used 
to regulate the output of an analog circuit. 
0032. In such a configuration, the semiconductor device 
including the nonvolatile resistance variable element of the 
present invention makes it possible to relieve faulty bits in the 
semiconductor memory and regulate parameters of the ana 
log processing LSI after completion of LSI or completion of 
a system board, which is adapted for achievement of higher 
speeds and higher functionalities of electronic hardware Such 
as portable information devices and information home appli 
aCC. 

0033. A system of the present invention comprises a semi 
conductor chip incorporating the above semiconductor 
device of the present invention; and a chip incorporating a 
semiconductor memory or a chip incorporating an analog 
processing LSI, the chip being electrically connected to the 
semiconductor chip. For example, a system may comprise a 
semiconductor memory mounted chip; and a control LSI 
mounted chip electrically connected to the semiconductor 
memory mounted chip; wherein a fuse circuit using the above 
semiconductor device is incorporated into the control LSI 
mounted chip to relieve faulty bits in a semiconductor 
memory. Or, a system may comprise a semiconductor 
memory mounted chip; and a control LSI mounted chip elec 
trically connected to the semiconductor memory mounted 
chip; wherein a fuse circuit using the above semiconductor 
device is incorporated into the semiconductor memory 
mounted chip to relieve faulty bits in a semiconductor 
memory. Or, a system may comprise an external information 
input device; an analog processing LSI mounted chip config 
ured to receive an analog output signal from the external 
information input device; and a digital processing LSI 
mounted chip configured to receive a digital output signal 
from the analog processing LSI mounted chip, wherein a 
correction circuit using the above semiconductor device is 
incorporated into the analog processing LSI mounted chip to 
regulate an output of the analog processing LSI mounted 
chip. 

Dec. 23, 2010 

0034. In such a configuration, the semiconductor device of 
the present invention is capable of relieving faulty bits in the 
semiconductor memory of other chips and regulating param 
eters of analog processing LSI, outside a semiconductor chip 
into which the semiconductor device of the present invention 
is mounted. As a result, even a system for a variety of elec 
tronic hardware with higher speeds and higher functionality, 
can regulate a variation in a unified manner and can be made 
into a system having a regulation capability. 

Advantages of the Invention 

0035. In the semiconductor device of the present inven 
tion, since the resistance variable layer is formed at the upper 
side of the uppermost wire and electric potential is led out 
from underlying layers, it is possible to implement a semi 
conductor device incorporating a nonvolatile resistance vari 
able element which change resistance stably without being 
affected by post-process steps such as a wiring step. In addi 
tion, since the resistance variable element is formed in a final 
process step, the semiconductor device is easily incorporated 
into various process products and LSI for various generations, 
such as bipolar CMOS analog as well as state-of-the-art 
CMOS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 1 of the present invention. 
0037 FIG. 1A is a plan view showing an exemplary con 
figuration of the semiconductor device according to Embodi 
ment 1 of the present invention. 
0038 FIG. 1B is a cross-sectional view taken in the direc 
tion of arrows along line A-A of FIG. 1A. 
0039 FIGS. 2(a) to 2(d) are cross-sectional views show 
ing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 1 of the 
present invention. 
0040 FIGS.3(a) and 3(b) are cross-sectional views show 
ing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 1 of the 
present invention. 
0041 FIG. 4 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 2 of the present invention. 
0042 FIGS. 5(a) to 5(d) are cross-sectional views show 
ing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 1 of the 
present invention. 
0043 FIGS. 6(a) and 6(b) are cross-sectional views show 
ing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 2 of the 
present invention. 
0044 FIG. 7 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 3 of the present invention. 
0045 FIGS. 8(a) to 8(e) are cross-sectional views show 
ing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 3 of the 
present invention. 
0046 FIG. 9 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 4 of the present invention. 
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0047 FIGS. 10(a) to 10(e) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 4 of the 
present invention. 
0048 FIG. 11 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 5 of the present invention. 
0049 FIGS. 12(a) to 12(d) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 5 of the 
present invention. 
0050 FIGS. 13(a) and 13(b) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 5 of the 
present invention. 
0051 FIG. 14 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 6 of the present invention. 
0052 FIGS. 15(a) to 15(d) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 6 of the 
present invention. 
0053 FIG. 16 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 7 of the present invention. 
0054 FIGS. 17(a) to 17(d) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 7 of the 
present invention. 
0055 FIGS. 18(a) and 18(b) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 7 of the 
present invention. 
0056 FIG. 19 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 8 of the present invention. 
0057 FIGS. 20(a) to 200e) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 8 of the 
present invention. 
0058 FIG. 21 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 9 of the present invention. 
0059 FIGS. 22(a) to 22(d) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 9 of the 
present invention. 
0060 FIG. 23 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device according to 
Embodiment 10 of the present invention. 
0061 FIGS. 24(a) to 24(e) are cross-sectional views 
showing a manufacturing method of major constituents of the 
semiconductor device according to Embodiment 10 of the 
present invention. 
0062 FIG. 25 is a view showing a voltage-current hyster 
esis characteristic of the semiconductor device according to 
Embodiment 1 of the present invention. 
0063 FIG. 26 is a view showing a change in a resistance 
value of a resistance variable layer with respect to a pulse 
number which occurs when electric pulses are applied to the 
semiconductor device of FIG. 25. 
0064 FIG. 27 is a block diagram showing an application 
of the semiconductor device of Embodiment 1 to LSI having 
a program function. 
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0065 FIG. 28 is a circuit diagram showing a configuration 
of an address storage register for redundancy of FIG. 27. 
0.066 FIG.29 is a timing chart for explaining the operation 
of the address storage register for redundancy of FIG. 28. 
0067 FIG.30(a) is a view showing an exemplary applica 
tion of the semiconductor device of Embodiment 1 to a semi 
conductor system composed of DRAMs and control LSI, and 
FIG. 30(b) is a view showing another exemplary configura 
tion provided for the same purpose as that of FIG. 30(a). 
0068 FIG.31 is a view showing an exemplary application 
of the semiconductor device of Embodiment 1 to a system 
including an external information input device. 
0069 FIG. 32 is a cross-sectional view of a conventional 
semiconductor device. 

EMBODIMENTS FOR CARRYING OUT THE 
INVENTION 

0070 Hereinafter, a semiconductor device and a manufac 
turing method thereof according to Embodiments of the 
present invention will be described with reference to the 
drawings. In the drawings, the constituents designated by the 
same reference numerals will not be described repetitively in 
Some cases. For easier understanding, in the drawings, the 
constituents are schematically depicted and the shapes and 
others are not depicted correctly. 

Embodiment 1 

0071 FIG. 1 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 100 according 
to Embodiment 1 of the present invention. 
0072. As shown in FIG. 1, the semiconductor device 100 
of Embodiment 1 includes a substrate 101 provided with a 
plurality of transistors each including a gate electrode 104 and 
a diffusion layer 105, a first interlayer insulating layer 106 
formed over the substrate 101 to cover the transistors, and a 
first contact 107 penetrating the first interlayer insulating 
layer 106 and electrically connected to the diffusion layer 105 
of the transistor, resistively. A first wire 108 is formed on the 
first interlayer insulating layer 106 to cover the first contact 
107. A second interlayer insulating layer 109 is formed over 
the first interlayer insulating layer 106 to cover the first wire 
108. A second contact 110 is formed on the first wire 108 and 
is electrically connected to an upper wire. On the semicon 
ductor Substrate 101, a region corresponding to a device main 
circuit 102 such as memories or bipolar CMOS and a region 
corresponding to a resistance variable element rewrite fuse 
circuit 103 are formed. 

0073. As shown in FIG. 1, a multi-layered wire structure 
ML of the semiconductor device 100 comprises n (n: two or 
more) wire layers and n interlayer insulating layers and is 
used to connect the above mentioned transistors to resistance 
variable elements (described later in detail). In other words, in 
the multi-layered wire structure ML, wires are formed in 
difference layers via the interlayer insulating layer. 
0074 To be specific, an uppermost wire (n-th wire) 114 
formed on the n-th interlayer insulating layer 112 is electri 
cally connected to a (n-1)-th wire 111 via a n-th contact 113. 
Over the uppermost wire 114, a (n+1)-th interlayer insulating 
layer 115 is formed, and (n+1)-th contacts 116 and 117 that 
penetrate the (n+1)-th interlayer insulating layer 115 and are 
connected to the uppermost wire 114 are formed. 
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0075 Each of the resistance variable elements comprises a 
resistance variable layer 119, and first and second terminals 
used to apply voltages to the resistance variable layer 119. 
0076. In this embodiment, lower electrode 118a of the 
resistance variable element is formed on the (n+1)-th inter 
layer insulating layers 115 to cover the (n+1)-th contact 116. 
The resistance variable layer 119 is formed on the (n+1)-th 
interlayer insulating layer 115 to cover the lower electrode 
118a and the (n+1)-th contact 117. In this embodiment, the 
(n+1)-th contact 116 and the lower electrode 118a serve as the 
first terminal of the resistance variable element, and the 
(n+1)-th contact 117 serve as the second terminal of the 
resistance variable element. 
0077. As used herein, the term “electrode of the resis 
tance variable element refers to a conductive member which 
is adapted to draw oxygen in the resistance variable layer 119 
and is in contact with a portion of the resistance variable layer 
119 where resistance change occurs. The “electrode' com 
monly comprises precious metal Such as platinum, which is 
relatively high in standard electrode potential of redox. 
0078. In this embodiment, only a passivation layer 120 is 
formed to directly cover the entire surface (especially the 
upper Surface of the resistance variable element) including 
the resistance variable element. For example, if a highly 
moisture-resistant passivation layer such as silicon nitride is 
used, a thermal budget to the resistance variable element can 
be restricted to an amount of heat given at a deposition tem 
perature of 400 degrees C. or lowerfor a very short deposition 
time of several minutes or less. In other words, in this embodi 
ment, since the thermal budget to the resistance variable 
element is restricted to an amount of heat in a deposition step 
of silicon nitride, a total heat amount given to the resistance 
variable elements of this embodiment is much less thana total 
heat amount given to the conventional resistance variable 
element. This can effectively suppress a variation in cell 
resistance of the resistance variable element. Furthermore, a 
pad hole 121 for allowing transmission and reception of elec 
tric signals between the semiconductor device 100 and an 
external device penetrates the passivation layer 120 and the 
(n+1)-th interlayer insulating layer 115 and is connected to 
the uppermost wire 114. 
0079. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating the 
resistance variable memory which change resistance stably 
without being affected by post-process steps such as a wiring 
step. In addition, since the entire upper Surface of the resis 
tance variable element is covered with the highly moisture 
resistant passivation layer, the resistance variable element is 
not affected by the external environment and has a stable 
resistance changing characteristic and reliability. 
0080. In this embodiment, the (n+1)-th contacts 116 and 
117 are made of a filling material containing tungsten as a 
major component, the lower electrode 118a comprises plati 
num, and the resistance variable layer 119 comprises tanta 
lum oxide. 
0081. Thus, a portion of the first terminal which contacts 
the resistance variable layer 119 comprises a platinum, and 
the second terminal comprises a tungsten. That is, materials 
of these terminals are different from each other. In such a 
configuration, resistance change is allowed to occur at plati 
num where the standard electrode potential of redox is rela 
tively higher. 
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I0082. The resistance variable layer 119 comprises oxide 
of transition metal (in this embodiment, tantalum) and 
includes at least two layers which are different from each 
other in oxygen concentration. To be specific, the lower layer 
(portion contacting the lower electrode 118a) of the resis 
tance variable layer 119 is formed by a transition metal oxide 
layer with higher oxygen concentration (the same occurs in 
another embodiments including the lower electrode). This 
can dispense with a step (forming step) for allowing oxygen 
to concentrate at one of the first and second terminals by 
applying a Voltage after the end of diffusion of oxygen. The 
resistance variable layer 119 is operable in a forming-less 
method, without a need for a high forming Voltage, and at low 
Voltages. The two-layered structure is accomplished by, for 
example, intentionally changing the flow rate of reactant gas 
(oxygen gas) in reactive sputtering or by oxidating the Surface 
of the resistance variable layer 119. 
0083. Next, the structure of the semiconductor device 100 
according to Embodiment 1 of the present invention when 
viewed from above will be described. 
I0084 FIG. 1A is a plan view showing an exemplary con 
figuration of the semiconductor device 100 according to 
Embodiment 1 of the present invention, in which a plurality of 
resistance variable elements are formed in array. The cross 
section taken in the direction of arrows along line A-A of 
FIG. 1A is depicted in FIG. 1B, and corresponds to a portion 
identical to that of the cross-section of FIG. 1. 
I0085 Firstly, the planar configuration of the resistance 
variable element at the first terminal will be described. 
I0086. As shown in FIGS. 1A and 1B, the plurality of 
(n+1)-th contact 116 are arranged on the (n-1)-th wire 111a 
via the plurality of n-th contacts 113 and conductive rectan 
gular patterns 114a defining the plurality of uppermost wires 
114. The lower electrode 118a of the resistance variable ele 
ment is individually formed to cover the (n+1)-th contact 116. 
I0087 Next, the planar configuration of the resistance vari 
able element at the second terminal will be described. 
I0088. As shown in FIGS. 1A and 1B, the plurality of 
(n+1)-th contacts 117 are arranged on the (n-1)-th wire 111b 
individually formed, via the plurality of n-th contact 113 and 
conductive rectangular pattern 114b defining the plurality of 
uppermost wires 114. 
I0089 Finally, the planar configuration of the resistance 
variable layers of the resistance variable elements will be 
described. 
0090. As shown FIGS. 1A and 1B, each of the resistance 
variable layers is formed to cover one lower electrode 118a 
and its adjacent one (n+1)-th contact 117. 
0091. Therefore, as shown in FIG. 1A (plan view), a num 
ber of resistance variable elements which are basic units are 
arranged in array in a two-dimensional configuration. 
0092. As should be appreciated from the above, the semi 
conductor device 100 of this embodiment has a feature that 
the contacts 117 serve as the electrodes, and a single resis 
tance variable element comprises one resistance variable 
layer 119, one lower electrode 118a and one (n+1)-th contact 
117. In other words, each of the resistance variable elements 
does not share the resistance variable layer 119 with its adja 
cent resistance variable elements. 
0093. As should be appreciated from the above planar 
configuration of the resistance variable elements, each of the 
plurality of resistance variable elements includes the first 
terminal, the resistance variable layer and the second terminal 
without sharing the resistance variable layer with other resis 
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tance variable elements. Therefore, each of the resistance 
variable elements of this embodiment is operable stably with 
out being affected by writing for other adjacent resistance 
variable elements, and thus is able to operate effectively as a 
fuse element. 
0094 FIGS. 2(a) to 2(d) and FIGS. 3(a) and 3(b) are 
cross-sectional views showing the manufacturing method of 
the major constituents which are the uppermost wire 114 and 
the following constituents of the semiconductor device 100 of 
Embodiment 1. The steps for forming the transistors and the 
lower wires are omitted. The manufacturing method of the 
major constituents of the semiconductor device 100 of 
Embodiment 1 will be described with reference to these Fig 
U.S. 

0095. As shown in FIGS. 2 and 3, the manufacturing 
method of Embodiment 1 includes a step for forming the 
uppermost wire 114, a step for forming the (n+1)-th contacts 
116 and 117, a step for forming the lower electrode 118a, a 
step for forming the resistance variable layer 119, a step for 
forming the passivation layer 120, and a step for forming the 
pad hole 121. 
0096. As shown in FIG. 2(a), in the step for forming the 
uppermost wire 114, the uppermost wire 114 are formed 
using a desired mask on the n-th interlayer insulating layer 
112 covering the transistors and the lower wires. In this case, 
concurrently, pad metal for allowing signal transmission and 
reception between the semiconductor device 100 and the 
external device is formed. 

0097. Then, as shown in FIG. 2(b), in the step for forming 
the (n+1)-th contacts 116 and 117, the (n+1)-th interlayer 
insulating layer 115 is formed over the entire surface to cover 
the uppermost wire 114, and then the (n+1)-th contacts 116 
and 117 are formed to penetrate the (n+1)-th interlayer insu 
lating layer 115 and to be connected to the upper most wire 
114. The contacts are filled with a filling material containing 
tungsten as a major component. 
0098. Then, as shown in FIG. 2(c), in the step for forming 
the lower electrode 118a of the resistance variable elements, 
the lower electrode 118a of the resistance variable element is 
formed by patterning using a desired mask on the (n+1)-th 
interlayer insulating layer 115 to cover the (n+1)-th contact 
116. In this case, the upper layer of the lower electrode 118a 
comprises platinum and the lower layer of the lower electrode 
118a comprises titanium nitride. This is because platinum 
provides a stable resistance changing characteristic and tita 
nium nitride improves adhesiveness to the interlayer insulat 
ing layer. 
0099. Then, as shown in FIG. 2(d), in the step of forming 
the resistance variable layer 119, the resistance variable layer 
119 is formed by patterning using a desired mask on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118a and the (n+1)-th contact 117. In this case, the 
resistance variable layer 119 comprises tantalum oxide, in 
order to provide a reversible and stable rewrite characteristic 
and a good resistance value retention characteristic as well as 
high-speed operability and to implement a manufacturing 
process which is highly compatible with a standard Si Semi 
conductor process. In the above configuration, the (n+1)-th 
contact 116 and the lower electrode 118a serve as the first 
terminal, while the (n+1)-th contact 117 serves as the second 
terminal. 
0100. Then, as shown in FIG.3(a), in the step of forming 
the passivation layer 120, the passivation layer 120 is formed 
to directly cover the entire Surface (especially, upper Surface 
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of the resistance variable element) of the resistance variable 
element, including the resistance variable layer 119. For 
example, if a highly moisture-resistant passivation layer Such 
as silicon nitride is used, a thermal budget can be restricted to 
an amount of heat given at deposition temperature of 400 
degrees C. or lowerfor a very short deposition time of several 
minutes or less. 
0101 Then, as shown in FIG.3(b), in the step of forming 
the pad hole 121, the pad hole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 100 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and the (n+1)-th interlayer insulating 
layer 115 and is connected to the uppermost wire 114. 
0102. In such a method, since the resistance variable layer 

is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to manufacture the semiconductor device including 
a resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, it is possible to manufacture the semiconductor 
device having a stable resistance changing characteristic and 
reliability without being affected by external environment. 

Embodiment 2 

0103 FIG. 4 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 200 according 
to Embodiment 2 of the present invention. 
0104. As shown in FIG. 4, in the semiconductor device 
200 of Embodiment 2, on the uppermost wire 114, the (n+1)- 
th interlayer insulating layer 115 is formed, and lower elec 
trode 118b of the resistance variable element and the (n+1)-th 
contact 117 that penetrate the (n+1)-th interlayer insulating 
layer 115 and are connected to the uppermost wire 114 are 
formed. The resistance variable layer 119 is formed on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118b and the (n+1)-th contact 117. In this case, the 
lower electrode 118b serves as the first terminal and the 
(n+1)-th contact 117 serves as the second terminal. Only the 
passivation layer 120 is formed to directly cover the entire 
Surface (especially, upper Surface of the resistance variable 
element) including the resistance variable element. The pad 
hole 121 for allowing transmission and reception of electric 
signals between the semiconductor device 200 and the exter 
nal device penetrates the passivation layer 120 and the (n+1)- 
th interlayer insulating layer 115 and is connected to the 
uppermost wire 114. The uppermost wire 114 and the under 
lying constituents are identical in structure to those of the 
semiconductor device 100 and will not be described repeti 
tively. 
0105. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wires and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, the resistance variable element is not affected by 
the external environment and have a stable resistance chang 
ing characteristic and reliability. 
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0106 Furthermore, the semiconductor device 200 has an 
advantage over the semiconductor device 100 in that the 
resistance variable layer is allowed to have a flat surface 
without unevenness, a thickness with a less variation, and a 
stable resistance changing characteristic. 
0107 FIGS. 5(a) to 5(d) and FIGS. 6(a) and 6(b) are 
cross-sectional views showing the manufacturing method of 
the major constituents which are the uppermost wire 114 and 
the following constituents of the semiconductor device 200 of 
Embodiment 2. The steps for forming the transistors and the 
lower wires are omitted. The manufacturing method of the 
major constituents of the semiconductor device 200 of 
Embodiment 2 will be described with reference to these Fig 
U.S. 

0108. As shown in FIGS. 5 and 6, the manufacturing 
method of Embodiment 2 includes a step for forming the 
uppermost wire 114, a step for forming the (n+1)-th contact 
117, a step for forming the lower electrode 118b, a step for 
forming the resistance variable layer 119, a step for forming 
the passivation layer 120, and a step for forming the pad hole 
121. 

0109 As shown in FIG. 5(a), in the step for forming the 
uppermost wire 114, the uppermost wire 114 are formed 
using a desired mask on the n-th interlayer insulating layer 
112 covering the transistors and the lower wires. In this case, 
concurrently, pad metal for allowing signal transmission and 
reception between the semiconductor device 100 and the 
external device is formed. 

0110. Then, as shown in FIG. 5(b), in the step for forming 
the (n+1)-th contact 117, the (n+1)-th interlayer insulating 
layer 115 is formed over the entire surface to cover the upper 
most wire 114, and then the (n+1)-th contact 117 is formed to 
penetrate the (n+1)-th interlayer insulating layer 115 and to be 
connected to the upper most wire 114. The contact 117 is 
filled with a filling material containing tungsten as a major 
component. 
0111. Then, as shown in FIG. 5(c), in the step of forming 
the lower electrode 118b, a hole is formed again to penetrate 
the (n+1)-th interlayer insulating layer 115 and be connected 
to the uppermost wire 114, and then is filled by platinum 
plating, thereby forming the lower electrode 118b. Although 
in this step, the hole into which the lower electrode 118b will 
be filled and the hole of the (n+1)-th contact 117 is formed 
using different masks, the same mask may be used when the 
same material is filled or a filling material is selectively grown 
for each hole. This has an advantage that the number masks 
can be reduced and the process cost can be reduced. 
0112 Then, as shown in FIG. 5(d), in the step of forming 
the resistance variable layer 119, the resistance variable layer 
119 is formed by patterning using a desired mask on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118b and the (n+1)-th contact 117. In contrast to the 
semiconductor device 100, the underlying portion has no 
unevenness, and therefore the resistance variable layer 119 
may be formed by spin coating as well as Sputtering or CVD. 
In the above configuration, the lower electrode 118b serve as 
the first terminals, while the (n+1)-th contact 117 serves as the 
second terminal. 

0113. Then, as shown in FIG. 6(a), in the step of forming 
the passivation layer 120, the passivation layer 120 is formed 
to directly cover the entire Surface (especially, upper Surface 
of the resistance variable element) of the resistance variable 
element, including the resistance variable layer 119. 
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0114. Then, as shown in FIG. 6(b), in the step of forming 
the pad hole 121, the pad hole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 200 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and the (n+1)-th interlayer insulating 
layer 115 and is connected to the uppermost wire 114. 
0.115. In such a method, since the resistance variable layer 

is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to manufacture a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps. In addition, since the entire upper 
surface of the resistance variable element is covered with the 
highly moisture-resistant passivation layer, it is possible to 
manufacture the semiconductor device having a stable resis 
tance changing characteristic and reliability without being 
affected by external environment. 

Embodiment 3 

0116 FIG. 7 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 300 according 
to Embodiment 3 of the present invention. 
0117. As shown in FIG. 7, the semiconductor device 300 
of Embodiment 3 has a configuration in which the (n+1)-th 
interlayer insulating layer 115 is formed between the upper 
most wire 114, and the uppermost wire 114 and the (n+1)-th 
interlayer insulating layer 115 are substantially equal in 
height from the semiconductor substrate 101, and form a flat 
surface. The lower electrode 118c of the resistance variable 
element is formed to be connected to a part of the uppermost 
wire 114. The resistance variable layer 119 is formed on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118c and a part of the uppermost wire. In this case, 
the lower electrode 118C serves as the first terminal, while the 
uppermost wire 114 which is at a different electric potential 
from the lower electrode 118C serves as the second terminal. 
Only the passivation layer 120 is formed to directly cover the 
entire Surface (especially, upper Surface of the resistance vari 
able element) including the resistance variable element. The 
pad hole 121 for allowing transmission and reception of elec 
tric signals between the semiconductor device 300 and the 
external device is formed such that the pad hole 121 pen 
etrates the passivation layer 120 and is connected to the 
uppermost wire 114. The uppermost wire 114 and the under 
lying constituents are identical in structure to those of the 
semiconductor device 100, and will not be described repeti 
tively. 
0118. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to implement a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps. In addition, since the upper Surfaces of 
the resistance variable element is entirely covered with the 
highly moisture-resistant passivation layer, the resistance 
variable element has a stable resistance changing character 
istic and reliability without being affected by external envi 
rOnment. 

0119 Furthermore, the semiconductor device 300 has an 
advantage over the semiconductor device 100 in that the 
number of masks is less by one than the number of masks for 
the semiconductor device 100, and the resistance variable 
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elements can be incorporated into the existing LSI by adding 
two masks at least, which results in a reduced process cost. 
0120 FIGS. 8(a) to 8(e) are cross-sectional views show 
ing the manufacturing method of the major constituents 
which are the uppermost wire 114 and the following constitu 
ents of the semiconductor device 300 of Embodiment 3. The 
steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the semiconductor device 300 of Embodiment 3 will be 
described with reference to the drawings. 
0121. As shown in FIG. 8, the manufacturing method of 
Embodiment 3 includes a step for forming a wire trench 124 
into which the uppermost wire 114 will be formed, a step for 
forming the uppermost wire 114, a step for forming the lower 
electrode 118c, a step of forming the resistance variable layer 
119, and a step for forming the passivation layer 120 and the 
pad hole 121. 
0122. As shown in FIG. 8(a), in the step of forming the 
wire trench 124 into which the uppermost wire 114 will be 
formed, the wire trench 124 into which the uppermost wire 
114 will be formed is formed using a desired mask in the 
(n+1)-th interlayer insulating layer 115 formed on the n-th 
interlayer insulating layer 112 covering the transistors and the 
lower wires. 

0123. Then, as shown in FIG. 8(b), in the step of forming 
the uppermost wire 114, a conductive material is filled into 
the wire trench, thereby forming the uppermost wire 114. In 
this case, concurrently, pad metal for allowing signal trans 
mission and reception between the semiconductor device 300 
and the external device is formed. In this embodiment, a 
damascene process is conducted using tantalum for the bar 
rier layer and copper for the wires as a major component. 
0.124. Then, as shown in FIG. 8(c), in the step of forming 
the lower electrodes 118a, the lower electrode 118c of the 
resistance variable element is formed by patterning using a 
desired mask on the (n+1)-th interlayer insulating layer 115 
such that the lower electrode 118c are connected to a part of 
the uppermost wire 114. In this case, the upper layer of the 
lower electrode 118a comprises platinum and the lower layer 
of the upper electrode 118a comprises titanium nitride. This 
is because platinum provides a stable resistance changing 
characteristic and titanium nitride improves adhesiveness to 
the interlayer insulating layer. 
0.125. Then, as shown in FIG. 8(d), in the step of forming 
the resistance variable layer 119, the resistance variable layer 
119 is formed by patterning using a desired mask on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118c and apart of the uppermost wire 114 which are 
at a different electric potential from the lower electrode 118c. 
In the above configuration, the lower electrode 118c serves as 
the first terminal, while the uppermost wire 114 which is at a 
different electric potential from the lower electrode 118.c 
serves as the second terminal. 

0126 Then, as shown in FIG. 8(a), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
layer 120 is formed to directly cover the entire surface (espe 
cially, upper surface of the resistance variable element) of the 
resistance variable element including the resistance variable 
layer 119, and then the padhole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 300 and the external device is formed such that the pad 
hole 121 penetrates the passivation layer 120 and is connected 
to the uppermost wire 114. 
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I0127. In such a method, since the resistance variable lay 
ers are formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to manufacture a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, it is possible to manufacture a semiconductor 
device having a stable resistance changing characteristic and 
reliability without being affected by external environment. 

Embodiment 4 

I0128 FIG. 9 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 400 according 
to Embodiment 4 of the present invention. 
0129. As shown in FIG. 9, the semiconductor device 400 
of Embodiment 4 has a configuration in which the (n+1)-th 
interlayer insulating layer 115 is formed between the upper 
most wire 114, and the uppermost wire 114 and the (n+1)-th 
interlayer insulating layer 115 are substantially equal in 
height from the semiconductor substrate 101, and form a flat 
surface. Further, the lower electrode 118d of the resistance 
variable element is filled into the wire trench. The resistance 
variable layer 119 is formed on the (n+1)-th interlayer insu 
lating layer 115 to cover the lower electrode 118d and a part 
of the uppermost wire. The lower electrode 118d serves as the 
first terminal, while the uppermost wire 114 which is at a 
different electric potential from the lower electrode 118d 
serves as the second terminal. Only the passivation layer 120 
is formed to directly cover the entire surface (especially, 
upper Surface of the resistance variable element) including 
the resistance variable element. The pad hole 121 for allowing 
transmission and reception of electric signals between the 
semiconductor device 400 and the external device is formed 
such that the pad hole 121 penetrates the passivation layer 120 
and is connected to the uppermost wire 114. The uppermost 
wire 114 and the underlying constituents are similar in struc 
ture to those of the semiconductor device 100, and will not be 
described repetitively. 
0.130. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to implement a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, the resistance variable element has a stable resis 
tance changing characteristic and reliability without being 
affected by external environment. 
I0131 The semiconductor device 400 has an advantage 
over the semiconductor device 100 in that the number of 
masks is less by one than the number of masks for the semi 
conductor device 100, and the resistance variable element can 
be incorporated into the existing LSI by adding two masks at 
least, which results in a reduced process cost. Furthermore, 
the semiconductor device 400 has an advantage over the 
semiconductor device 100 in that the resistance variable layer 
is allowed to have flat surfaces without unevenness, a thick 
ness with a less variation, and a stable resistance changing 
characteristic. 
I0132 FIGS. 10(a) to 10(e) are cross-sectional views 
showing the manufacturing method of the major constituents 
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which are the uppermost wire 114 and the following constitu 
ents of the semiconductor device 400 of Embodiment 4. The 
steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the semiconductor device 400 of Embodiment 4 will be 
described with reference to these Figures. 
0133. As shown in FIG. 10, the manufacturing method of 
Embodiment 4 includes a step for forming the uppermost 
wire 114, a step for forming a wire trench 125 into which the 
lower electrode 118d will be formed, a step for forming the 
lower electrode 118d, a step for forming the resistance vari 
able layer 119, and a step for forming the passivation layer 
120 and the pad hole 121. The step of forming the wire trench 
124 into which the uppermost wire 114 will be formed have 
been described above with reference to FIG. 8(a) and will not 
be described repetitively. 
0134. As shown in FIG. 10(a), in the step of forming the 
uppermost wire 114, a conductive material is filled into the 
wire trench, thereby forming the uppermost wire 114. In this 
case, concurrently, pad metal for allowing signal transmis 
sion and reception between the semiconductor device 400 and 
the external device is formed. In this embodiment, a dama 
scene process is conducted using tantalum for the barrier 
layer and copper for the wires as a major component. 
0135 Then, as shown in FIG.10(b), in the step of forming 
the wire trench 125 into which the lower electrode 118d will 
beformed, the wire trench 125 into which the lower electrode 
118d will be formed, are formed using a desired mask in the 
(n+1)-th interlayer insulating layer 115 embedded with the 
uppermost wire 114. 
0136. Then, as shown in FIG.10(c), in the step of forming 
the lower electrode 118d, the conductive material is filled into 
the wire trench to form the lower electrode 118d. In this case, 
a damascene process is conducted using tantalum for the 
barrier layer and platinum for the wires as a major compo 
nent. Although in this step, the holes of the wire trench 125 
into which the lower electrode 118d will be filled and the 
holes of the wire trench 124 into which the uppermost wire 
114 will be filled are formed using different masks, the same 
mask may be used when the same material is filled or a filling 
material is selectively grown for each hole. This has an advan 
tage that the number of masks can be reduced and the process 
cost can be reduced. 
0.137 Then, as shown in FIG.10(d), in the step of forming 
the resistance variable layer 119, the resistance variable layer 
119 is formed by patterning using a desired mask on the 
(n+1)-th interlayer insulating layer 115 to cover the lower 
electrode 118d and a part of the uppermost wire 114 which are 
at a different potential from the lower electrode 118d. In the 
above configuration, the lower electrode 118d serves as the 
first terminal, while the uppermost wire 114 which is at a 
different electric potential from the lower electrode 118d 
serves as the second terminal. 
0.138. Then, as shown in FIG.10(e), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
layer 120 is formed to directly cover the entire surface (espe 
cially, upper surface of the resistance variable element) of the 
resistance variable element including the resistance variable 
layer 119, and then the padhole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 400 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and is connected to the uppermost wire 
114. 
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0.139. In such a method, since the resistance variable layer 
is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to manufacture a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, it is possible to manufacture the semiconductor 
device having a stable resistance changing characteristic and 
reliability without being affected by external environment. 

Embodiment 5 

0140 FIG. 11 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 500 according 
to Embodiment 5 of the present invention. 
0.141. As shown in FIG. 11, in the semiconductor device 
500 of Embodiment 5, the (n+1)-th interlayer insulating layer 
115 is formed on the uppermost wire 114, and the (n+1)-th 
contacts 116 and 117 are formed to penetrate the (n+1)-th 
interlayer insulating layer 115 and to be connected to the 
uppermost wire 114. 
0142. The resistance variable layer 119 of the resistance 
variable element is formed on the (n+1)-th interlayer insulat 
ing layer 115 to cover the (n+1)-th contact 116. Further, an 
upper electrode 122a is formed on the (n+1)-th interlayer 
insulating layer 115 to cover the resistance variable layer 119 
and the (n+1)-th contact 117. In this case, the (n+1)-th contact 
116 serves as the first terminal, while the upper electrode 
122a and the (n+1)-th contact 117 serve as the second termi 
nals. 
0.143 Only the passivation layer 120 is formed to directly 
cover the entire Surface (especially, upper Surface of the resis 
tance variable element) including the resistance variable ele 
ment. The pad hole 121 for allowing transmission and recep 
tion of electric signals between the semiconductor device 400 
and the external device penetrates the passivation layer 120 
and the (n+1)-th interlayer insulating layer 115 and is con 
nected to the uppermost wire 114. 
0144. The uppermost wire 114 and the underlying con 
stituents are identical instructure to those of the semiconduc 
tor device 100 and will not be described repetitively. 
0145. In such a configuration, since the resistance variable 
layers are formed at the upper side of the uppermost wires and 
potential is led out from underlying layers, it is possible to 
implement a semiconductor device incorporating a resistance 
variable memory stably without being affected by the post 
process steps such as the wiring step. In addition, since the 
entire upper Surfaces of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
the resistance variable element is not affected by the external 
environment and has a stable resistance changing character 
istic and reliability. 
0146 In this embodiment, the (n+1)-th contacts 116 and 
117 comprise tungsten as a major component, the upper elec 
trode 122a comprises platinum, and the resistance variable 
layer 119 comprises tantalum oxide. 
0147 Therefore, the first terminal comprises tungsten, a 
portions of the second terminal which contacts the resistance 
variable layer 119 comprises platinum. Thus, these terminals 
comprises different materials. In such a configuration, resis 
tance change is allowed to occur at platinum side (upper 
electrode side) where the standard electrode potential of 
redox is relatively high. 
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0148. The resistance variable layer 119 comprises oxide 
of transition metal (in this embodiment tantalum) and 
includes at least two layers which are different in oxygen 
concentration. To be specific, the upper layer (portion corre 
sponding to the upper Surface and side Surfaces of the resis 
tance variable layer 119 which contacts the upper electrode 
122a) is formed by a transition metal oxide layer with high 
oxygen concentration. This can dispense with a step (forming 
step) for allowing oxygen to concentrate at one of the first and 
second terminals by applying a Voltage after the end of dif 
fusion of oxygen. The resistance variable layer 119 is oper 
able in a forming-less method, without a need for a high 
forming Voltage, and at low-voltages. 
0149 FIGS. 12(a) to 12(d) and FIGS. 13(a) and 13(b) are 
cross-sectional views showing the manufacturing method of 
the major constituents which are the uppermost wire 114 and 
the following constituents of the semiconductor device 500 of 
Embodiment 5. The steps for forming the transistors and the 
lower wires are omitted. The manufacturing method of the 
major constituents of the semiconductor device 500 of 
Embodiment 5 will be described with reference to these Fig 
U.S. 

0150. As shown in FIGS. 12 and 13, the manufacturing 
method of Embodiment 5 includes a step for forming the 
uppermost wire 114, a step for forming the (n+1)-th contacts 
116 and 117, a step for forming the resistance variable layer 
119, a step for forming the upper electrode 122a, a step for 
forming the passivation layer 120, and a step for forming the 
pad hole 121. 
0151. As shown in FIG. 12(a), in the step for forming the 
uppermost wire 114, the uppermost wire 114 is formed using 
a desired mask on the n-th interlayer insulating layer 112 
covering the transistors and the lower wires. In this case, 
concurrently, pad metal for allowing signal transmission and 
reception between the semiconductor device 500 the external 
device is formed. 
0152 Then, as shown in FIG. 12(b), in the step for forming 
(n+1)-th contacts 116 and 117, the (n+1)-th interlayer insu 
lating layer 115 is formed over the entire surface to cover the 
uppermost wire 114, and then the (n+1)-th contacts 116 and 
117 are formed to penetrate the (n+1)-th interlayer insulating 
layer 115 and to be connected to the upper most wire 114. The 
contact is filled with a filling material containing tungsten as 
a major component. 
0153. Then, as shown in FIG. 12(c), in the step of forming 
the resistance variable layer 119 of the resistance variable 
element, the resistance variable layer 119 is formed by pat 
terning using a desired mask on the (n+1)-th interlayer insu 
lating layer 115 so as to cover the (n+1)-th contact 116. In this 
case, the resistance variable layer 119 comprises tantalum 
oxide, in order to provide a reversible and stable rewrite 
characteristic and a good resistance value retention charac 
teristic as well as high-speed operability and to implement a 
manufacturing process which is highly compatible with a 
standard Si Semiconductor process. 
0154 Then, as shown in FIG. 12(d), in the step for forming 
the upper electrode 122a, the upper electrode 122a are 
formed by patterning using a desired mask on the (n+1)-th 
interlayer insulating layer 115 to cover the resistance variable 
layer 119 and the (n+1)-th contact 117. In this case, the lower 
layer of the upper electrode 122a comprises platinum and the 
upper layer of the upper electrode 122a comprises titanium 
nitride. This is because platinum provides a stable resistance 
changing characteristic and titanium nitride improves adhe 
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siveness to the interlayer insulating layer. In the above con 
figuration, the (n+1)-th contact 116 serves as the first termi 
nal, while the upper electrode 122a and the (n+1)-th contact 
117 serve as the second terminal. 
0155 Then, as shown in FIG. 13(a), in the step of forming 
the passivation layer 120, the passivation layer 120 is formed 
to directly cover the entire Surface (especially, upper Surface 
of the resistance variable element) of the resistance variable 
element including the upper electrode 122a. 
0156 Then, as shown in FIG. 13(b), in the step of forming 
the pad hole 121, the pad hole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 500 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and the (n+1)-th interlayer insulating 
layer 115 and is connected to the uppermost wire 114. 
0157. In such a method, since the resistance variable layer 

is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layers, it is 
possible to manufacture a semiconductor device including a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, it is possible to manufacture the semiconductor 
device having a stable resistance changing characteristic and 
reliability without being affected by external environment. 

Embodiment 6 

0158 FIG. 14 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 600 according 
to Embodiment 6 of the present invention. 
0159. As shown in FIG. 14, in the semiconductor device 
600 of Embodiment 6, the (n+1)-th interlayer insulating layer 
115 is formed on uppermost wire 114. The (n+1)-th contacts 
116 and 117 that penetrate the (n+1)-th interlayer insulating 
layer 115 and are connected to the uppermost wire 114 are 
formed. 
0160 The resistance variable layer 119 of the resistance 
variable element is formed on the (n+1)-th interlayer insulat 
ing layer 115 to cover the (n+1)-th contacts 116 and 117. The 
upper electrode 122b is formed to cover the resistance vari 
able layer 119. The (n+1)-th contact 116 and the upper elec 
trode 122b serve as the first terminal, while the (n+1)-th 
contact 117 serves as the second terminal. 
0.161. Only the passivation layer 120 is formed to directly 
cover the entire Surface (especially upper Surface of the resis 
tance variable element) including the resistance variable ele 
ment. Furthermore, the pad hole 121 for allowing transmis 
sion and reception of electric signals between the device 600 
and the external device is formed to penetrate the passivation 
layer 120 and the (n+1)-th interlayer insulating layer 115 and 
be connected to the uppermost wire 114. 
0162 The uppermost wire 114 and the underlying con 
stituents are identical instructure to those of the semiconduc 
tor device 100 and will not be described repetitively. 
0163. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
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tion layer, the resistance variable element is not affected by 
the external environment and has a stable resistance changing 
characteristic and reliability. 
0164. In this embodiment, the (n+1)-th contacts 116 and 
117 are made of a filling material containing tungsten as a 
major component, the upper electrode 122b comprises plati 
num, and the resistance variable layer 119 comprises tanta 
lum oxide. 

0.165 Thus, a portion of the first terminal which contacts 
the resistance variable layer 119 comprises tungsten and 
platinum, and the second terminal comprises the material (to 
be specific tungsten) different from platinum which is the 
material of the first terminal. Thus, resistance change is 
allowed to occur at platinum side (upper electrode side) 
where the standard electrode potential of redox is relatively 
higher. 
0166 The resistance variable layer 119 comprises oxide 
of transition metal (in this embodiment, tantalum) and com 
prises at least two layers which are different in oxygen con 
centration. To be specific, the upper layer (a portion corre 
sponding to upper Surface of each of the resistance variable 
layer 119 which contacts the upper electrode 122b) is formed 
by a transition metal oxide layer with higher oxygen concen 
tration. This candispense with a step (forming step) for allow 
ing oxygen to concentrate at one of the first and second 
terminals by applying a Voltage after the end of diffusion of 
oxygen. The resistance variable element is operable in a form 
ing-less method, without a need for a high forming Voltage, 
and at low voltages. 
0167. In a reversed material relationship of this embodi 
ment, the (n+1)-th contacts 116 and 117 may comprise a 
filling material containing platinum as a major component, 
the upper electrode 122b may comprise tungsten, and the 
resistance variable layer 119 may comprise tantalum oxide. 
0168 In Sucha configuration, resistance change is allowed 
to occurat platinum side (first terminal side or second termi 
nal side) where the standard electrode potential of redox is 
relatively higher. The upper electrode 122bassists in reducing 
resistance of wire connecting the first terminal to the second 
terminal. 

0169. In this case, the lower layer (portion corresponding 
to bottom surface of the resistance variable layer 119 which 
contacts the (n+1)-th contact 116 and 117) of the resistance 
variable layer 119 is formed by a transition metal oxide layer 
with higher oxygen concentration. 
(0170 FIGS. 15(a) to 15(d) are cross-sectional views 
showing the manufacturing method of the major constituents 
which are the uppermost wire 114 and the following constitu 
ents of the semiconductor device 600 of Embodiment 6. The 
steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the semiconductor device 600 of Embodiment 6 will be 
described with reference to these Figures. 
0171 As shown in FIG. 15, the manufacturing method of 
Embodiment 6 includes a step for forming the uppermost 
wire 114, a step for forming (n+1)-th contacts 116 and 117, a 
step for forming the resistance variable layer 119 and the 
upper electrode 122b, and a step for forming the passivation 
layer 120 and the pad hole 121. 
0172. As shown in FIG. 15(a), in the step for forming the 
uppermost wire 114, the uppermost wire 114 is formed using 
a desired mask on the n-th interlayer insulating layer 112 
covering the transistors and the lower wires. In this case, 
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concurrently, pad metal for allowing signal transmission and 
reception between the semiconductor device 600 and the 
external device is formed. 
0173 Then, as shown in FIG.15(b), in the step for forming 
(n+1)-th contacts 116 and 117, the (n+1)-th interlayer insu 
lating layer 115 is formed over the entire surface to cover the 
uppermost wire 114, and then the (n+1)-th contacts 116 and 
117 are formed to penetrate the (n+1)-th interlayer insulating 
layer 115 and to be connected to the uppermost wire 114. The 
contacts are filled with a filling material containing platinum 
as a major component. 
0.174. Then, as shown in FIG. 15(c), in the step of forming 
the resistance variable layer 119 and the upper electrode 122b 
of the resistance variable element, the resistance variable 
layer 119 and the upper electrode 122b of the resistance 
variable element is formed by patterning using a desired mask 
on the (n+1)-th interlayer insulating layer 115 to cover the 
(n+1)-th contacts 116 and 117. In this case, the resistance 
variable layer 119 comprises tantalum oxide and the upper 
electrode 122b comprises tungsten, in order to provide a 
reversible and stable rewrite characteristic and a good resis 
tance value retention characteristic as well as high-speed 
operability and to implement a manufacturing process which 
is highly compatible with a standard Si Semiconductor pro 
cess. In the above configuration, the (n+1)-th contact 116 
serves as the first terminal, while the (n+1)-th contact 117 
serves as the second terminal. 
0.175. Then, as shown in FIG. 15(d), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
layer 120 is formed to directly cover the entire surface (espe 
cially, upper Surface of the resistance variable element) 
including the resistance variable element, and then the pad 
hole 121 for allowing transmission and reception of electric 
signals between the semiconductor device 600 and the exter 
nal device is formed by patterning using a desired mask Such 
that the pad hole 121 penetrates the passivation layer 120 and 
is connected to the uppermost wire 114. 
0176). In such a method, since the resistance variable layer 

is formed at the upper side of the uppermost wire and electric 
potential is led out from underlying layers, it is possible to 
manufacture a semiconductor device incorporating a resis 
tance variable memory stably without being affected by the 
post-process steps such as the wiring step. In addition, since 
the entire upper surface of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
it is possible to manufacture the semiconductor device having 
a stable resistance changing characteristic and reliability 
without being affected by the external environment. 

Embodiment 7 

0177 FIG. 16 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 700 according 
to Embodiment 7 of the present invention. 
0.178 As shown in FIG. 16, in the semiconductor device 
700 of Embodiment 6, the (n+1)-th interlayer insulating layer 
115 is formed on uppermost wire 114. The (n+1)-th contacts 
116 and 117 that penetrate the (n+1)-th interlayer insulating 
layer 115 and are connected to the uppermost wire 114 are 
formed. 
(0179 The resistance variable layer 119 of the resistance 
variable element is formed on the (n+1)-th interlayer insulat 
ing layer 115 to cover the (n+1)-th contact 116. The upper 
electrode 122c is formed to cover the resistance variable layer 
119. The upper electrode 122c are connected to the (n+1)-th 
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contact 117 via the hole 123 of the resistance variable layer. 
The (n+1)-th contact 116 serves as the first terminal, while the 
upper electrode 122c and the (n+1)-th contact 117 serves as 
the second terminal. 
0180. Only the passivation layer 120 is formed to directly 
cover the entire Surface (especially upper Surface of the resis 
tance variable element) including the resistance variable ele 
ment. Furthermore, the pad hole 121 for allowing transmis 
sion and reception of electric signals between the 
semiconductor device 700 and the external device is formed 
to penetrate the passivation layer 120 and the (n+1)-th inter 
layer insulating layer 115 and be connected to the uppermost 
wire 114. 
0181. The uppermost wire 114 and the underlying con 
stituents are identical instructure to those of the semiconduc 
tor device 100 and therefore will not be described repetitively. 
0182. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surfaces of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, the resistance variable element is not affected by 
the external environment and has a stable resistance changing 
characteristic and reliability. 
0183 In this embodiment, the (n+1)-th contacts 116 and 
117 comprise a filling material containing tungsten as a major 
component, the upper electrod122c comprises platinum, and 
the resistance variable layer 119 comprises tantalum oxide. 
0184 As should be appreciated, the first terminal com 
prises tungsten, and a portion of the second terminal which 
contacts the resistance variable layer 119 comprises plati 
num. Thus, these terminals comprise different materials. In 
Such a configuration, resistance change is allowed to occurat 
platinum side (upper electrode side) where the standard elec 
trode potential of redox is relatively higher. 
0185. The resistance variable layer 119 comprises oxide 
of transition metal (in this embodiment, tantalum) and com 
prises at least two layers which are different in oxygen con 
centration. To be specific, the upper layer (a portion corre 
sponding to upper Surface and side Surfaces of each of the 
resistance variable layer 119 which contacts the upper elec 
trode 122b) is formed by a transition metal oxide layer with 
higher oxygen concentration. This can dispense with a step 
(forming step) for allowing oxygen to concentrate at one of 
the first and second terminals by applying a Voltage after the 
end of diffusion of oxygen. The resistance variable element is 
operable in a forming-less method, without a need for a high 
forming Voltage, and at low Voltages. 
0186 FIGS. 17(a) to 17(d) and FIGS. 18(a) and 18(b) are 
cross-sectional views showing the manufacturing method of 
the major constituents which are the uppermost wires 114 and 
the following constituents of the semiconductor device 700 of 
Embodiment 7. The steps for forming the transistors and the 
lower wires are omitted. The manufacturing method of the 
major constituents of the semiconductor device 700 of 
Embodiment 7 will be described with reference to these Fig 
U.S. 

0187. As shown in FIGS. 17 and 18, the manufacturing 
method of Embodiment 7 includes a step for forming the 
uppermost wire 114, a step for forming the (n+1)-th contacts 
116 and 117, a step of forming the holes 123 in the resistance 
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variable layer 119, a step for forming the resistance variable 
layer 119 and the upper electrode 122c, a step for forming the 
passivation layer 120, and a step for forming the pad hole 121. 
0188 As shown in FIG. 17(a), in the step for forming the 
uppermost wire 114, the uppermost wire 114 is formed using 
a desired mask on the n-th interlayer insulating layer 112 
covering the transistors and the lower wires. In this case, 
concurrently, pad metal for allowing signal transmission and 
reception between the semiconductor device 700 and the 
external device is formed. 
0189 Then, as shown in FIG.17(b), in the step for forming 
the (n+1)-th contacts 116 and 117, the (n+1)-th interlayer 
insulating layer 115 is formed over the entire surface to cover 
the uppermost wire 114, and then the (n+1)-th contacts 116 
and 117 are formed to penetrate the (n+1)-th interlayer insu 
lating layer 115 and to be connected to the uppermost wire 
114. The contacts are filled with a filling material containing 
tungsten as a major component. 
0190. Then, as shown in FIG.17(c), in the step of forming 
the hole 123 in the resistance variable layer 119, the resistance 
variable layer is formed over the entire surface of the (n+1)-th 
interlayer insulating layer 115, and then the hole 123 con 
nected with the (n+1)-th contact 117 are formed by patterning 
using a desired mask. In this case, the resistance variable layer 
119 comprises tantalum oxide, in order to provide a reversible 
and stable rewrite characteristic and a good resistance value 
retention characteristic as well as high-speed operability and 
to implement a manufacturing process which is highly com 
patible with a standard Si Semiconductor process. 
0191 Then, as shown in FIG. 17(d), in the step of forming 
the resistance variable layer 119 and the upper electrode 
122c, the upper electrode is formed over the entire surface of 
resistance variable layer, and then the resistance variable 
layer 119 and the upper electrode 122c are formed concur 
rently by patterning using a desired mask to cover the (n+1)- 
th contact 116 and the hole 123 of the resistance variable 
layer. In this case, the upper electrode 122c comprises plati 
num. In the above configuration, the (n+1)-th contact 116 
serves as the first terminal, while the upper electrode 122c and 
the (n+1)-th contact 117 serve as the second terminal. 
0.192 Then, as shown in FIG. 18(a), in the step of forming 
the passivation layer 120, the passivation layer 120 is formed 
to directly cover the entire Surface, including the upper elec 
trode 122c. 
0193 Then, as shown in FIG. 18(b), in the step of forming 
the pad hole 121, the pad hole 121 for allowing transmission 
and reception of electric signals between the semiconductor 
device 700 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and the (n+1)-th interlayer insulating 
layer 115 and is connected to the uppermost wire 114. 
0194 In such a method, since the resistance variable lay 
ers are formed at the upper side of the uppermost wire and 
potential is led out from underlying layers, it is possible to 
manufacture a semiconductor device incorporating a resis 
tance variable memory stably without being affected by the 
post-process steps such as the wiring step. In addition, since 
the entire upper surface of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
it is possible to manufacture the semiconductor device having 
a stable resistance changing characteristic and reliability 
without being affected by external environment. 

Embodiment 8 

0.195 FIG. 19 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 800 according 
to Embodiment 8 of the present invention. 
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0196. As shown in FIG. 19, the semiconductor device 800 
of Embodiment 8 has a configuration in which the (n+1)-th 
interlayer insulating layer 115 is formed between the upper 
most wire 114, and the uppermost wire 114 and the (n+1)-th 
interlayer insulating layer 115 are substantially equal in 
height from the semiconductor substrate 101, and form a flat 
surface. The resistance variable layer 119 of the resistance 
variable element is connected to a part of the uppermost wire 
114. The upper electrode 122d are formed on the (n+1)-th 
interlayer insulating layer 115 to cover the resistance variable 
layer 119 and a part of the uppermost wire 114. In this case, 
portions of the uppermost wire 114 serves as the first termi 
nal, while other portions of uppermost wires 114 and the 
upper electrode 122d which are at a different potential from 
the portions of the uppermost wire 114 serves as the second 
terminal. Only the passivation layer 120 is formed to cover the 
entire surface including the upper electrode 122d. The pad 
hole 121 for allowing transmission and reception of electric 
signals between the semiconductor device 800 and the exter 
nal device is formed such that the pad hole 121 penetrates the 
passivation layer 120 and is connected to the uppermost wire 
114. The uppermost wire 114 and the underlying constituents 
are identical instructure to those of the semiconductor device 
100, and will not be described repetitively. 
0197) In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, the resistance variable element is not affected by 
the external environment and has a stable resistance changing 
characteristic and reliability. 
0198 Furthermore, the semiconductor device 800 has an 
advantage over the semiconductor device 500 in that the 
number of masks is less by one than the number of masks for 
the semiconductor device 500, and the resistance variable 
elements can be incorporated into the existing LSI by adding 
two masks at least, which results in a reduced process cost. 
(0199 FIGS. 20(a) to 200e) are cross-sectional views 
showing the manufacturing method of the major constituents 
which are the uppermost wire 114 and the following constitu 
ents in the semiconductor device 800 of Embodiment 8. The 
steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the semiconductor device 800 of Embodiment 8 will be 
described with reference to these drawings. 
0200. As shown in FIG. 20, the manufacturing method of 
Embodiment 8 includes a step for forming the wire trench 124 
into which the uppermost wire 114 will be formed, a step for 
forming the uppermost wire 114, a step of forming the resis 
tance variable layer 119, a step for forming the upper elec 
trode 122d, and a step for forming the passivation layer 120 
and the pad hole 121. 
0201 As shown in FIG. 200a), in the step of forming the 
wire trench 124 into which the uppermost wire 114 will be 
formed, the wire trench 124 into which the uppermost wire 
114 will be formed is formed using a desired mask in the 
(n+1)-th interlayer insulating layer 115 formed on the n-th 
interlayer insulating layer 112 covering the transistors and the 
lower wires. 
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0202 Then, as shown in FIG.20(b), in the step of forming 
the uppermost wire 114, a conductive material is filled into 
the wire trench, thereby forming the uppermost wire 114. In 
this case, concurrently, pad metal for allowing signal trans 
mission and reception between the semiconductor device 800 
and the external device is formed. In this case, a damascene 
process is conducted using tantalum for the barrier layer and 
copper for the wires as a major component. 
0203 Then, as shown in FIG.20(c), in the step of forming 
the resistance variable layer 119, the resistance variable layer 
119 of the resistance variable element is formed by patterning 
using a desired mask on the (n+1)-th interlayer insulating 
layer 115 such that the resistance variable layer 119 is con 
nected to a part of the uppermost wire 114. In this case, the 
resistance variable layer 119 comprises tantalum oxide, in 
order to provide a reversible and stable rewrite characteristic 
and a good resistance value retention characteristic as well as 
high-speed operability and to implement a manufacturing 
process which is highly compatible with a standard Si Semi 
conductor process. 
0204 Then, as shown in FIG.20(d), in the step of forming 
the upper electrode 122d, the upper electrode 122d is formed 
by patterning using a desired mask on the (n+1)-th interlayer 
insulating layer 115 to cover the resistance variable layer 119 
and a part of the uppermost wire 114. In this case, the lower 
layer of the upper electrode 122d comprises platinum and the 
upper layer of the upper electrode 122d comprises titanium 
nitride. This is because platinum provides a stable resistance 
changing characteristic and titanium nitride improves adhe 
siveness to the passivation layer. In the above configuration, 
portions of the uppermost wire 114 serves as the first termi 
nal, while the other portion of the uppermost wire 114 and the 
upper electrode 122d which is at a different electric potential 
from the portion of uppermost wire 114 serves as the second 
terminal. 
0205 Then, as shown in FIG.20(e), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
layer 120 is formed to directly cover the entire surface (espe 
cially, upper surface of the resistance variable element) of the 
resistance variable element, including the upper electrode 
122d, and then the padhole 121 for allowing transmission and 
reception of electric signals between the semiconductor 
device 800 and the external device is formed such that the pad 
hole 121 penetrates the passivation layer 120 and is connected 
to the uppermost wire 114. 
0206. In such a method, since he resistance variable layer 

is formed at the upper side of the uppermost wire and the 
electric potential is led out from the underlying layer, it is 
possible to manufacture a semiconductor device incorporat 
ing a resistance variable memory stably without being 
affected by the post-process steps such as the wiring step. In 
addition, since the entire upper Surface of the resistance vari 
able element is covered with the highly moisture-resistant 
passivation layer, it is possible to manufacture a semiconduc 
tor device having a stable resistance changing characteristic 
and reliability without being affected by external environ 
ment. 

Embodiment 9 

0207 FIG. 21 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 900 according 
to Embodiment 9 of the present invention. 
0208. As shown in FIG. 21, the semiconductor device 900 
of Embodiment 9 has a configuration in which the (n+1)-th 
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interlayer insulating layer 115 is formed between the upper 
most wire 114, and the uppermost wire 114 and the (n+1)-th 
interlayer insulating layer 115 are substantially equal in 
height from the semiconductor substrate 101, and form a flat 
surface. The resistance variable layer 119 and the upper elec 
trode 122e are formed on the (n+1)-th interlayer insulating 
layer 115 to cover the uppermost wire 114. In this case, 
portions of the uppermost wire 114 serves as the first termi 
nal, while the other portion of the uppermost wire 114 and the 
upper electrode 122e which are at a different electric potential 
from the portion of the uppermost wire 114 serves as the 
second terminal. Only the passivation layer 120 is formed to 
directly cover the entire Surface (especially, upper Surface of 
the resistance variable element) including the resistance Vari 
able element. The pad hole 121 for allowing transmission and 
reception of electric signals between the semiconductor 
device 900 and the external device is formed such that the pad 
hole 121 penetrates the passivation layer 120 and is connected 
to the uppermost wire 114. The uppermost wire 114 and the 
underlying constituents are identical in structure to those of 
the semiconductor device 100, and will not be described 
repetitively. 
0209. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and 
electric potential is led out from underlying layers, it is pos 
sible to implement a semiconductor device incorporating a 
resistance variable memory stably without being affected by 
the post-process steps such as the wiring step. In addition, 
since the entire upper surface of the resistance variable ele 
ment is covered with the highly moisture-resistant passiva 
tion layer, the resistance variable element is not affected by 
the external environment and has a stable resistance changing 
characteristic and reliability. 
0210. Furthermore, the semiconductor device 900 has an 
advantage over the semiconductor device 600 in that the 
number of masks is less by one than the number of masks for 
the semiconductor device 600, and resistance variable ele 
ment can be incorporated into the existing LSI by adding two 
masks at least, which results in a reduced process cost. More 
over, the semiconductor device 900 has an advantage over the 
semiconductor device 600 in that the resistance variable layer 
is allowed to have flat surfaces without unevenness, a thick 
ness with a less variation, and a stable resistance changing 
characteristic. 

0211. In this embodiment, the uppermost wire 114 com 
prises a filling material containing copper as a major compo 
nent, the upper electrode 122e comprises platinum, and the 
resistance variable layer 119 comprises tantalum oxide. In 
Such a configuration, resistance change is allowed to occurat 
platinum side (upper electrode side) where the standard elec 
trode potential of redox is relatively higher. 
0212. Each of the resistance variable layer 119 comprises 
oxide of transition metal (in this embodiment, tantalum) and 
comprises at least two layers which are different in oxygen 
concentration. To be specific, the upper layer (a portion cor 
responding to upper Surface of each of the resistance variable 
layer 119 which contacts the upper electrode 122e) is formed 
by a transition metal oxide layer with higher oxygen concen 
tration. This candispense with a step (forming step) for allow 
ing oxygen to concentrate at one of the first and second 
terminals by applying a Voltage after the end of diffusion of 
oxygen. The resistance variable layer 119 is operable in a 
forming-less method, without a need for a high forming Volt 
age, and at low Voltages. 
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0213. In a reversed material relationship of this embodi 
ment, the uppermost wire may comprises a filling material 
containing platinum as a major component, and the upper 
electrode 122e may comprises tungsten. 
0214. In Sucha configuration, resistance change is allowed 
to occurat platinum side (first terminal side or second termi 
nal side) where the standard electrode potential of redox is 
relatively higher. The upper electrode 122e assists in reducing 
resistance of wires connecting the first terminal to the second 
terminal. 
0215. In this case, the lower layer of each of the resistance 
variable layer 119 (a portion corresponding to bottom surface 
of each of the resistance variable layer 119 which contacts the 
uppermost wire 114) is formed by a transition metal oxide 
with higher oxygen concentration. 
0216 FIGS. 22(a) to 22(d) are cross-sectional views 
showing the manufacturing method of the major constituents 
which are the uppermost wire 114 and the following constitu 
ents in the semiconductor device 900 of Embodiment 9. The 
steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the Semiconductor device 900 of Embodiment 9 will be 
described with reference to these drawings. 
0217. As shown in FIG. 22, the manufacturing method of 
Embodiment 9 includes a step for forming the wire trench 124 
into which the uppermost wire 114 will be formed, a step for 
forming the uppermost wire 114, a step for forming the resis 
tance variable layer 119 and the upper electrode 122e, and a 
step for forming the passivation layer 120 and the pad hole 
121. 

0218. As shown in FIG. 22(a), in the step of forming the 
wire trench 124 into which the uppermost wire 114 will be 
formed, the wire trench 124 into which the uppermost wire 
114 will be formed, are formed using a desired mask in the 
(n+1)-th interlayer insulating layer 115 formed on the n-th 
interlayer insulating layer 112 covering the transistors and the 
lower wires. 
0219. Then, as shown in FIG. 22(b), in the step of forming 
the uppermost wire 114, a conductive material is filled into 
the wire trench, thereby forming the uppermost wire 114. In 
this case, concurrently, pad metal for allowing signal trans 
mission and reception between the semiconductor device 900 
and the external device is formed. In this embodiment, a 
damascene process is conducted using tantalum for the bar 
rier layer and copper for the wires as a major component. 
0220. Then, as shown in FIG. 22(c), in the step of forming 
the resistance variable layer 119 and the upper electrode 122e 
of the resistance variable element, the resistance variable 
layer 119 and the upper electrode 122e of the resistance 
variable element are formed by patterning using a desired 
mask on the (n+1)-th interlayer insulating layer 115 to cover 
a part of the uppermost wire 114. In this case, the resistance 
variable layer 119 comprises tantalum oxide and the upper 
electrode 122e comprises platinum, in order to provide a 
reversible and stable rewrite characteristic and a good resis 
tance value retention characteristic as well as high-speed 
operability and to implement a manufacturing process which 
is highly compatible with a standard Si Semiconductor pro 
cess. In the above configuration, portions of the uppermost 
wire 114 serves as the first terminal, while other portions of 
the uppermost wire 114 at a different potential from the 
portions of uppermost wire 114 serves as the second terminal. 
0221) Then, as shown in FIG. 22(d), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
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layer 120 is formed to directly cover the entire surface (espe 
cially, upper surface of the resistance variable element) of the 
resistance variable element including the upper electrode 
122e, and then the pad hole 121 for allowing transmission and 
reception of electric signals between the semiconductor 
device 900 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and is connected to the uppermost wire 
114. 

0222. In such a method, since the resistance variable layer 
is formed at the upper side of the uppermost wire and electric 
potential is led out from underlying layers, it is possible to 
manufacture a semiconductor device incorporating a resis 
tance variable memory stably without being affected by the 
post-process steps such as the wiring step. In addition, since 
the entire upper surface of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
it is possible to manufacture a semiconductor device having a 
stable resistance changing characteristic and reliability with 
out being affected by external environment. 

Embodiment 10 

0223 FIG. 23 is a cross-sectional view showing an exem 
plary configuration of a semiconductor device 1000 accord 
ing to Embodiment 10 of the present invention. 
0224. As shown in FIG. 23, the semiconductor device 
1000 of Embodiment 10 has a configuration in which the 
(n+1)-th interlayer insulating layer 115 is formed between the 
uppermost wire 114, and the uppermost wire 114 and the 
(n+1)-th interlayer insulating layer 115 is substantially equal 
in height from the semiconductor substrate 101, and form a 
flat surface. The resistance variable layer 119 of the resistance 
variable element is formed on the (n+1)-th interlayer insulat 
ing layer 115 to cover a part of the uppermost wire 114. 
Furthermore, upper electrode 122f is formed to cover the 
resistance variable layer 119. The upper electrode 122f is 
connected to a part of the uppermost wire 114 via the hole 123 
of the resistance variable layer. In this case, portions of the 
uppermost wire 114 serves as the first terminal, while other 
portions of the uppermost wire 114 and the upper electrode 
122f which are at different electric potential from the portions 
of the uppermost wire 114 serve as the second terminal. Only 
the passivation layer 120 is formed to directly cover the entire 
Surface (especially, upper Surface of the resistance variable 
element) including the resistance variable element. The pad 
hole 121 for allowing transmission and reception of electric 
signals between the semiconductor device 1000 and the exter 
nal device is formed such that the pad hole 121 penetrates the 
passivation layer 120 and is connected to the uppermost wire 
114. The uppermost wire 114 and the underlying constituents 
are identical instructure to those of the semiconductor device 
100, and will not be described repetitively. 
0225. In such a configuration, since the resistance variable 
layer is formed at the upper side of the uppermost wire and the 
potential is led out from the underlying layers, it is possible to 
implement a semiconductor device incorporating a resistance 
variable memory stably without being affected by the post 
process steps such as the wiring step. In addition, since the 
entire upper surface of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
the resistance variable element has a stable resistance chang 
ing characteristic and reliability without being affected by 
external environment. 
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0226 Furthermore, the semiconductor device 1000 has an 
advantage over the semiconductor device 700 in that the 
number of masks is less by one than the number of masks for 
the semiconductor device 700, and the resistance variable 
element can be incorporated into the existing LSI by adding 
two masks at least, which results in a reduced process cost. 
0227. In this embodiment, the uppermost wire comprises a 
filling material containing copper as a major component, the 
upper electrode 122f comprises platinum, and the resistance 
variable layer 119 comprises tantalum oxide. 
0228. The first terminal comprises copper, a portion of the 
second terminal which contacts the resistance variable layer 
119 comprises platinum. Thus, the terminals comprise differ 
ent materials. In Such a configuration, resistance change is 
allowed to occur at platinum side (upper electrode side) 
where the standard electrode potential of redox is relatively 
higher. 
0229. The resistance variable layer 119 comprises oxide 
of transition metal (in this embodiment, tantalum) and com 
prises at least two layers which are different in oxygen con 
centration. To be specific, the upper layer (portion corre 
sponding to upper Surface and side Surface of the resistance 
variable layer 119 which contacts the upper electrode 122?) is 
formed by a transition metal oxide layer with higher oxygen 
concentration. This can dispense with a step (forming step) 
for allowing oxygen to concentrate at one of the first and 
second terminals by applying a Voltage after the end of dif 
fusion of oxygen. The resistance variable layer 119 are oper 
able in a forming-less method, without a need for a high 
forming Voltage, and at low Voltages. 
0230 FIGS. 24(a) to 24(e) are cross-sectional views 
showing the manufacturing method of the major constituents 
which are the uppermost wire 114 and the following constitu 
ents of the semiconductor device 1000 of Embodiment 10. 
The steps for forming the transistors and the lower wires are 
omitted. The manufacturing method of the major constituents 
of the semiconductor device 1000 of Embodiment 10 will be 
described with reference to these drawings. 
0231. As shown in FIG. 24, the manufacturing method of 
Embodiment 10 includes a step for forming the wire trench 
124 into which the uppermost wire 114 will be formed, a step 
for forming the uppermost wire 114, a step of forming the 
hole 123 in the resistance variable layer 119, a step of forming 
the resistance variable layer 119 and the upper electrode 122f. 
and a step for forming the passivation layer 120 and the pad 
hole 121. 
0232. As shown in FIG. 24(a), in the step of forming the 
wire trench 124 into which the uppermost wire 114 will be 
formed, the wire trench 124 into which the uppermost wire 
114 will be formed are formed using a desired mask in the 
(n+1)-th interlayer insulating layer 115 formed on the n-th 
interlayer insulating layer 112 covering the transistors and the 
lower wires. 
0233. Then, as shown in FIG. 24(b), in the step of forming 
the uppermost wire 114, a conductive material is filled into 
the wire trench, thereby forming the uppermost wire 114. In 
this case, concurrently, pad metal for allowing signal trans 
mission and reception between the semiconductor device 
1000 and external device is formed. In this embodiment, a 
damascene process is conducted using tantalum for the bar 
rier layer and copper for the wires as a major component. 
0234. Then, as shown in FIG. 24(c), in the step of forming 
the holes 123 in the resistance variable layer 119, the resis 
tance variable layer is formed over the entire surface of the 
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(n+1)-th interlayer insulating layer 115, and then the hole 123 
connected with a part of the uppermost wire 114 is formed by 
patterning using a desired mask. In this embodiment, the 
resistance variable layer 119 comprises tantalum oxide, in 
order to provide a reversible and stable rewrite characteristic 
and a good resistance value retention characteristic as well as 
high-speed operability and to implement a manufacturing 
process which is highly compatible with a standard Si Semi 
conductor process. 
0235. Then, as shown in FIG. 24(d), in the step of forming 
the resistance variable layer 119 and the upper electrode 122f. 
the upper electrode is formed over the entire resistance vari 
able layer, and then the resistance variable layer 119 and the 
upper electrode 122fare formed concurrently by patterning 
using a desired mask to cover apart of the uppermost wire 114 
and the hole 123 of the resistance variable layer. In this case, 
the upper electrode 122f comprises platinum. In the above 
configuration, a portion of the uppermost wire 114 serves as 
the first terminal, while the other portion of the uppermost 
wire 114 and the upper electrode 122f which is at a different 
electric potential from the portion of the former uppermost 
wire 114 serves as the second terminal. 

0236. Then, as shown in FIG. 24(d), in the step of forming 
the passivation layer 120 and the padhole 121, the passivation 
layer 120 is formed to directly cover the entire surface (espe 
cially upper surface of the resistance variable element) of the 
resistance variable element, including the upper electrode 
122f, and then the pad hole 121 for allowing transmission and 
reception of electric signals between the semiconductor 
device 1000 and the external device is formed by patterning 
using a desired mask Such that the pad hole 121 penetrates the 
passivation layer 120 and is connected to the uppermost wire 
114. 

0237. In such a method, since the resistance variable layer 
is formed at the upper side of the uppermost wire and electric 
potential is led out from underlying layers, it is possible to 
manufacture a semiconductor device incorporating a resis 
tance variable memory stably without being affected by the 
post-process steps such as the wiring step. In addition, since 
the entire upper surface of the resistance variable element is 
covered with the highly moisture-resistant passivation layer, 
it is possible to manufacture the semiconductor device having 
a stable resistance changing characteristic and reliability 
without being affected by external environment. 

Element Characteristic of Embodiment 1 

0238 FIG. 25 is a graph of a voltage-current hysteresis 
characteristic, showing an exemplary resistance change of the 
element having a structure in which tantalum oxide used for 
the resistance variable layer 119 of Embodiment 1 of the 
present invention is sandwiched between the electrodes. In 
the structure of Embodiment of FIG. 1, a horizontal axis 
indicates a voltage between the contact 116 and the contact 
117, while a vertical axis indicates a value of a current flowing 
through the resistance variable layer 119. When a positive 
voltage is applied between the electrodes, the current 
increases Substantially in proportion to the Voltage and dras 
tically decreases when the Voltage exceeds a positive Voltage 
at A point, which indicates that the element changes from a 
low-resistance state to a high-resistance state (attains high 
resistance state). In contrast, in the high-resistance state, 
when a negative Voltage is applied, a current drastically 
increases when the Voltage exceeds a negative Voltage at point 
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B, which indicates that the element changes from the high 
resistance state to the low-resistance state (attains low-resis 
tance state). 
0239 FIG. 26 shows another example of resistance 
change of tantalum oxide used for the resistance variable 
layer 119 of Embodiment 1 of the present invention and 
shows a change in resistance values occurring by applying 
positive and negative Voltage pulses with 100 ns alternately. 
Similarly to the case shown in FIG. 25, the resistance value 
decreases to a low-resistance value Ra of 1.0x10 S2 by apply 
ing a negative Voltage between the electrodes, whereas the 
resistance value increases to a high-resistance value Rb of 
1.2x10 S2 by applying a positive voltage between the elec 
trodes. One of the two different values Ra and Rb is allocated 
to “0” and another is allocated to “1,” Under this condition, 
data “0” or data “1” is stored depending on which one of these 
data the resistance value corresponds to. In this example, the 
larger resistance value Rb is allocated to data “0” and the 
smaller resistance value Raisallocated to data “1” As shown 
in FIG. 26, by applying a positive or negative pulse according 
to data to be stored, the resistance value, i.e., data of the 
resistance variable layer 119 can be rewritten reversibly as 
nonvolatile data. 

0240 Hereinafter, the feature of the resistance variable 
materials used in the present invention and their characteris 
tics which was discovered by the present inventors will be 
described briefly. 
0241. Oxide of transition metal such as tantalum (Ta) or 
hafnium (Hf) changes its resistance by connecting the both 
sides of the transition metal oxide to electrodes made of 
metals different from the transition metal and applying elec 
tric signals, if it has an oxygen-deficient composition. Espe 
cially, the resistance changing characteristic is so-called a 
bipolar characteristic in which the transition metal oxide 
changes between the high-resistance state and the low-resis 
tance state in response to bipolar voltages applied between the 
electrodes. 

0242 For a specified transition metal oxide, there are an 
electrode material which easily causes resistance change and 
an electrode material which does not easily cause resistance 
change, when the specified transition metal oxide is com 
bined with electrode materials. This is closely related to stan 
dard electrode potentials which are indicators indicating 
degree of easiness of oxidation. For example, if the transition 
metal oxide is combined with a platinum electrode which has 
a higher standard electrode potential than tantalum and is less 
easily oxidated, resistance change easily occurs, while if the 
transition metal oxide is combined with tungsten which has a 
lower standard electrode potential than tantalum, the resis 
tance change does not easily occur. 
0243 This is based on a mechanism in which oxygen ions 
in the transition metal oxide migrate toward the electrode to 
which a positive Voltage is applied and stay there, and thereby 
oxidation reaction of transition metal in a region in the vicin 
ity of the electrode is facilitated, allowing the transition metal 
oxide to change to the high-resistance state, while oxygen 
migrate away from the electrode by applying a Voltage in a 
reverse direction, and reduction reaction of the transition 
metal oxide is facilitated, allowing the transition metal oxide 
to change to the low-resistance state. It was found out that a 
stable resistance changing characteristic is effectively pro 
duced by using an electrode material which does not easily 
react with oxygen ions. 
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0244. It is supposed that the above finding is applied to the 
semiconductor device having the structure of Embodiment 1 
shown in FIG. 1. A resistance changing phenomenon stably 
occurs in a region of the resistance variable layer 119 which 
is in contact with the lower electrode 118a made of platinum, 
while the resistance changing phenomenon does not occur in 
a region of the resistance variable layer 119 which is in 
contact with the contact 117 made of the filling material 
containing tungsten as a major component. A specific opera 
tion occurs in Such a manner that, when the positive Voltage is 
applied to the contact 116 on the basis of the contact 117, the 
resistance variable layer 119 changes to the high-resistance 
state when a Voltage exceeding the Voltage at the point A of 
FIG. 25 is applied, while the resistance variable layer 119 
changes to the low-resistance state when a Voltage exceeding 
the threshold Voltage at point B is applied in an opposite 
direction. 

Application Examples 

0245 Hereinafter, several application examples to which 
the semiconductor device of Embodiment 1 is applied will be 
described. In any of the structures of Embodiments 2 to 10, 
one terminal of the resistance variable layer comprises an 
electrode material such as platinum with higher standard 
electrode potential and the other terminal comprises electrode 
material with lower standard electrode potential. Therefore, 
any of the structures may be used as the semiconductor device 
in the application examples described below. 

Application Example 1 of Embodiment 1 

0246 A first application example is used to relieve faulty 
bits or regulate Voltage levels in one semiconductor device, 
and conventionally, laser trimming means and electric fuse 
means are known. 
0247 FIG. 27 is a block diagram showing an application 
of the semiconductor device of Embodiment 1 to LSI having 
a program function, which includes a logic circuit configured 
execute predetermined calculation. 
0248. As shown in FIG. 27, a semiconductor device 400 
(fuse circuit) in this application example, includes, on a single 
semiconductor substrate 401, a CPU 402, an input/output 
circuit 403 used for inputting/outputting data to/from an 
external circuit, a logic circuit 404 for executing predeter 
mined calculation, an analog circuit 405 for processing ana 
log signals, a BIST (Built In Self Test) circuit 406 for per 
forming self diagnosis, a SRAM (semiconductor memory) 
407, and an address storage register for redundancy 408 
which is connected to the BIST circuit 406 and to the SRAM 
407 and is configured to store specific address information. In 
other words, in the semiconductor chip of this application 
example, the semiconductor device of Embodiment 1 is 
incorporated into the fuse circuit used to relieve faulty bits of 
the semiconductor memory, as will be described later. 
0249 FIG.28 is a circuit diagram showing a configuration 
of the address storage register for redundancy 408 of FIG. 27. 
In the semiconductor device 400 of this application example, 
data of 4 bits are programmed for the purpose of simplicity, 
but the present invention is not limited to this. F119a, F119b, 
F119C and F119d indicate program elements each of which 
corresponds to the resistance variable layer 119 of the semi 
conductor device 100 of Embodiment 1 of the present inven 
tion shown in FIG. 1. Hatched circles indicate the lower 
electrodes 118a made of platinum. Contact points F116a to 
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F116d of the program elements F119a to F119d correspond 
to the contacts F116 of the semiconductor device 100 of FIG. 
1. Likewise, contact points F117a to F117d of the program 
elements F119a to F119d correspond to the contacts 117 of 
the semiconductor device 100 of FIG. 1. The contact points 
F116a to F116d are connected to BUS T which is a first 
common signal line. 
0250 409 designates a program element selector circuit 
for selecting one of the program elements F119a, F119b, 
F119C and F119d. 410 designates a write circuit for writing 
data to the program elements F119a, F119b, F119C and 
F119d. 411 designates a read circuit for reading stored data 
from the program elements F119a, F119b, F119C and F119d. 
412 designates a control circuit which receives as inputs, 
write enable signals WE and write data signals WD which are 
output from the BIST circuit 406 of the semiconductor device 
400, reset signals RESET associated with the overall opera 
tion of the semiconductor device 400 and clocks (not shown), 
and outputs a control signal to the program element selector 
circuit 409, the write circuit 410 and the read circuit 411. 
0251. The program element selector circuit 409 comprises 
N-type MOS transistors MN1, MN2, MN3 and MN4. One of 
the sources and the drains of the respective N-type MOS 
transistors MN1, MN2, MN3 and MN4 are connected to 
portions leading to the contact points 117a to F117d, respec 
tively. The other of the sources and the drains of the respective 
N-type MOS transistors MN1, MN2, MN3 and MN4 are 
connected to BUS B which is a second common signal line. 
Select signals Gato Gd which are the output signals of the 
control circuit 412 are coupled to the gates of the N-type MOS 
transistors MN1, MN2, MN3 and MN4, respectively. 
(0252) The write circuit 410 includes a P-type MOS tran 
sistor MP1 having a source connected to a power Supply 
VDD, a drain connected to the second common signal line 
BUS B, and a gate connected to a low-resistance state attain 
ing command signal NLR W which is an output signal of the 
control circuit 412, and a N-type MOS transistor MN6 having 
a source connected to a ground level VSS, a drain connected 
to the first common signal line BUS T, and a gate connected 
to another low-resistance state attaining command signal 
LR W which is an output signal of the control circuit 412, 
thus constructing a low-resistance state attaining write cir 
cuit. 

(0253) The write circuit 410 includes a P-type MOS tran 
sistor MP2 having a source connected to the power Supply 
VDD, a drain connected to the first common signal line BUS 
T, and a gate connected to a high-resistance state attaining 
command signal NHRW which is an output signal of the 
control circuit 412, and a N-type MOS transistor MN5 having 
a source connected to the ground level VSS, a drain connected 
to the second common signal line BUS B, and a gate con 
nected to another high-resistance state attaining command 
signal HR W which is an output signal of the control circuit 
412, thus constructing a high-resistance state attaining write 
circuit. 

(0254 The read circuit 411 includes a N-type MOS tran 
sistor MN7 having a drain connected to the first common 
signal line BUS T, a source connected to the ground level 
VSS, and a gate connected to a read command signal RGND 
output from the control circuit 412, a N-type MOS transistor 
MN8 having a source connected to second common signal 
line BUS B, a drain coupled to node SOUT, and a gate 
coupled to voltage clamp signals VCLMP output from the 
control circuit 412, a load current feeding P-type MOS tran 
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sistor MP3 having a source connected to the power supply 
VDD, a drain coupled to the node SOUT, and a gate coupled 
to a load command signal NLD output from the control 
circuit 412, and a latch circuit 412 which receives the node 
SOUT as an input and latches data SOUT at specified timings, 
and is configured to output signals RD as read result. 
0255. During a read operation, the voltage clamp signals 
VCLMP are constant voltage signals set at a predetermined 
Voltage VC, and the Voltage at the second common signal line 
BUS B is substantially clamped to a value which is not more 
than a voltage obtained by subtracting a threshold voltage VT 
of the N-type MOS transistor MN8 from the voltage VC. 
Therefore, during the reading, the Voltages applied to the 
program elements F119a to F119d are restricted to prevent 
disturb occurring in these program elements. The size of the 
load current feeding PMOS transistor MP3 is set to have a 
substantially intermediate current drivability between a cur 
rent drivability in a state where the program elements F119a 
to F119d are set in a high-resistance state and a current driv 
ability in a state where the program elements F119a to F119d 
are set in a low-resistance state. Therefore, the node SOUT is 
High level in the state where the program elements F119a to 
F119d are placed in the high-resistance state, while the node 
SOUT is Low level in the state where the program elements 
F119a to F119d are placed in the low-resistance state. 
0256 The operation associated with the address storage 
register for redundancy 408 in the semiconductor device 400 
configured as described above will be described. 
0257 Receiving a diagnosis command signals TST, the 
BIST circuit 406 inspects a memory block of the SRAM 407. 
The memory block is inspected during inspection in a manu 
facturing process of LSI, and during various diagnostic pro 
cesses carried out in the case where the LSI is mounted in an 
actual system. 
0258 If a faulty bit is detected as a result of inspection of 
the memory block, the BIST circuit 406 outputs the write 
enable signals WE and the write data signals WD to the 
address storage register for redundancy 408. The address 
storage register for redundancy 408 stores therein address 
information corresponding to the faulty bit. 
0259. The address information is stored in such a manner 
that address information is written to the address storage 
register for redundancy 408 by changing the resistance State 
of the program element in the associated register to the high 
resistance State or to the low-resistance state, according to the 
address information. 

0260 The address information is read during a reset 
period at start-up of the semiconductor device 400, etc and is 
set in a register within the SRAM 407. When the SRAM 407 
is accessed, target address information is compared to the 
address information stored in the register concurrently. When 
there is a match between the address information, a memory 
cell for redundancy provided within the SRAM 407 is 
accessed, thus reading or writing data. 
0261 Next, the operation of the storage address register 
for redundancy 408 will be described with reference to the 
timing chart of FIG. 29. FIG. 29 exemplarily shows a case 
where a write cycle and a read cycle occur in Succession and 
data “1” (low-resistance value) is written to the program 
elements F119a and F119.c and the data “0” (high-resistance 
value) is written to the program elements F119b and F119d. 
0262 The address storage register for redundancy 408 is 
configured to start a predetermined operation in Synchroni 
Zation with a timing at which a clock changes to High level 
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and complete writing or reading with respect to one program 
element within one clock cycle. 
0263 Firstly, the operation of the write cycle will be 
described. When the RESET signals and the write enable 
signals WE are set at High level, the address storage register 
for redundancy 408 recognizes a present cycle as a write 
cycle, and executes a write operation. 
0264. Select signals Ga, Gb, Gc, and Gd set at High level 
for a predetermined period are output in this order to the gates 
of the N-type MOS transistors MN1 to MN4 of the program 
element selector circuit 409 in respective clock cycles, 
thereby allowing the program elements F119a to F119d to be 
sequentially connected to the second common signal line 
BUS B. 
0265. The write data signals WD are written in such a 
manner that since data “1” is written (low-resistance state is 
attained) in a first cycle and a third cycle, NLR W is set at 
Low level and LR W is set at High level for a predetermined 
period in Synchronization with clocks, to activate the P-type 
MOS transistor MP1 and the N-type MOS transistor MN6, 
and place the second common signal line BUS B at High 
level with respect to the first common signal line BUS T. 
Thus, a Voltage application pulse for writing data to the pro 
gram elements to attain the low-resistance state is set. Fur 
thermore, the power Supply Voltage which is the source Volt 
age of the P-type MOS transistor MP1 is set so that a voltage 
difference between the contact point F117a and the contact 
point F116a reaches a voltage which is not less than the 
voltage at point B shown in FIG. 25. Thus, the data “1” is 
written (low-resistance state is attained) in the first cycle and 
the third cycle. 
0266. In the same manner, the write data signals WD are 
written in such a manner that since data “0” is written (high 
resistance state is attained) in a second cycle and a fourth 
cycle, NHRW is set at Low level and HR W is set at High 
level for a predetermined period in synchronization with 
clocks, to activate the P-type MOS transistor MP2 and the 
N-type MOS transistor MN5, and place the first common 
signal line BUS T at High level with respect to the second 
common signal line BUS B. Thus, a Voltage application 
pulse for writing data to the program elements to attain the 
high-resistance state is set. Furthermore, the power Supply 
voltage which is the source voltage of the P-type MOS tran 
sistor MP2 is set so that a voltage difference between the 
contact point F117b and the contact point F116b reaches a 
Voltage which is not less than the Voltage at point A shown in 
FIG. 25. Thus, the data “0” is written (high-resistance state is 
attained) in the second cycle and the fourth cycle. 
0267 Next, a read cycle will be described. 
0268 When only the RESET signals are set at High level, 
the address storage register for redundancy 408 recognizes a 
present cycle as the read cycle and executes a read operation. 
0269. Select signals Ga, Gb, Gc, and Gd set at High level 
for a predetermined period are output in this order to the gates 
of the N-type MOS transistors MN1 to MN4 of the program 
element selector circuit 409 in respective clock cycles, 
thereby allowing the program elements F119a to F119d to be 
sequentially connected to the second common signal line 
BUS B. 
(0270. During a read cycle, RGND set at High level is 
output to activate the N-type MOS transistor MN7 and places 
the first common signal line BUS T at ground level. On the 
other hand, the load command signal N. LD is set at Low level 
for a predetermined period in Synchronization with a clock to 
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activate the P-type MOS transistor MP3, and a load current is 
fed to any one of the program elements F119a to F119d which 
is selected via the second common signal line BUS B. 
0271 As a result, the node SOUT converges a voltage 
corresponding to a ratio of an actual resistance value of the 
P-type MOS transistor MP3 to a resistance value of the 
selected program element. The level of the node SOUT is 
determined as High level or Low level, and the data is latched 
by the latch circuit 412 at a specified timing. Thus, data is 
read. 
0272. As should be appreciated from the above, since data 
can be written and rewritten to the program elements in the 
application example at a high speed using a simple circuit and 
a control method, inspection and relieving of faulty bits in 
manufacturing process steps are easily carried out. In addi 
tion, the faulty bits can be relieved when the program ele 
ments have changed with a lapse of time. This results in an 
advantage that a high quality of the program elements is kept. 
0273. In the case of the semiconductor device of Embodi 
ment 1, since the nonvolatile resistance variable elements are 
formed in Such a way that the resistance variable layers are 
formed at the upper side of the uppermost wires and the 
potential is led out from the underlying layers, program ele 
ments which are more stable and highly reliable can be pro 
vided by making use of the manufacturing process steps and 
library of the existing LSI and by adding a few manufacturing 
process steps. 
0274. In addition to the use of relieving of the faulty bits of 
the semiconductor device explained in the application 
example 1, the semiconductor device is applicable to known 
uses in which the fuse elements are used, such as regulation of 
Voltage values and timings of internal power Supply Voltages, 
change of specification and function of LSI, etc. 

Application Example 2 of Embodiment 1 
0275. Application example 2 relates to regulation of a 
system including a plurality of semiconductor devices such as 
DDR-specification DRAM and control LSI. 
(0276 DRAM of DDR interface specification which is 
operable by high-speed clocks of several hundreds MHZ is a 
representative of memories which have a feature of larger 
capacities and high-speed data transfer speeds. Therefore, 
when a system is designed using these memories, it is 
required that the control LSI or a printed board be designed 
with high precision in view of positions of the individual 
memories and distance between them on the printed board, 
wire or signal properties, and a variation in respective LSIs, 
and the control LSI or the printed board be regulated on a 
system board onto which they are placed and coupled. 
0277 FIG.30(a) is a view showing an exemplary applica 
tion of the semiconductor device of Embodiment 1 to a semi 
conductor system including DRAMs and control LSI. As 
shown in FIG. 30(a), a system 500 includes semiconductor 
memory mounted chips (hereinafter referred to as “DRAM 
501) and a control LSI mounted chip (hereinafter referred to 
as “control LSI502) electrically connected to the semicon 
ductor memory mounted chips, and a fuse circuit 502 
described later using the semiconductor device 100 of 
Embodiment 1 as the element for relieving faulty bits of the 
semiconductor memories is mounted into the control LSI 
mounted chip. 
(0278. The system 500 includes a plurality of DRAMs 501 
of DDR interface specification and the control LSI502. Input 
circuits 503 in the DRAMs 501 are connected to an input/ 
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output circuit 504 in the control LSI 502 by means of bus to 
allow data transmission and reception between them. These 
are arranged on one or a plurality of printed boards (not 
shown) and are interconnected via metal wires, thus con 
structing a system board. 
0279 505 designates a fuse circuit. 506 designates a regu 
lating circuit for controlling the input/output circuit 504. 507 
designates a functional block which has a function of the 
application in which the control LSI is used. The fuse circuit 
505 includes resistance variable layers 119 of a required 
number having the structure of Embodiment 1 as fuse ele 
ments. Timing delay information between the plurality of 
DRAMs 501 and the control LSI 502 which are placed in the 
system 500 and the like are programmed in the fuse circuit 
505. In the fuse circuit 505, program information of a fuse 
element corresponding to DRAM 501 which is accessed, 
among the plurality of DRAMs 501, is read, the data timings 
and the like taken in from the input/output circuit 504 via the 
regulating circuit 506 are regulated. The configuration of the 
fuse circuit 505 is identical to that of the address storage 
register for redundancy 408 described in application example 
1 and will not be described in detail. 
0280. As should be appreciated from the above, data can 
be written and rewritten to the program elements in the appli 
cation example at a high speed using a simple circuit and a 
control method. Therefore, the program information may be 
written to the fuse circuits 505 based on design information of 
system boards when the control LSIs are manufactured and 
shipped, or after the system boards are completed with the 
DRAMs 501 and the control LSIs 502 being coupled to the 
system boards in Such a manner that system boards can be 
individually regulated so that optimal values are written by 
reflecting variations in mounted semiconductor devices or 
printed boards. Thus, the system design is easily made, and as 
a result, a highly reliable semiconductor system is provided. 
0281. In this embodiment, since the nonvolatile resistance 
variable elements are formed in Such away that the resistance 
variable layers are formed at the upper sides of the uppermost 
wires and the potential is led out from the underlying layers, 
program elements which are more stable and highly reliable 
can be provided by making use of the manufacturing process 
steps and library of the existing LSI and by adding a few 
manufacturing process steps. 
(0282 FIG.30(b) shows another example embodied for the 
same purpose of the example of FIG. 30(a). The example of 
FIG.30(b) is different from the example of FIG.30(a) in that 
a part of the fuse circuits are placed in the DRAMs. 
(0283. As shown in FIG. 30(a), a system 510 includes 
semiconductor memory mounted chips (hereinafter referred 
to as “DRAMs 511), and a control LSI mounted chip (here 
inafter referred to as “control LSI 512) electrically con 
nected to the semiconductor memory mounted chips, and fuse 
circuits 513 described later using the semiconductor devices 
100 of Embodiment 1 as the elements for relieving faulty bits 
of the semiconductor memories are mounted into the semi 
conductor memory mounted chips. 
(0284. The system 510 includes a plurality of DRAMs 511 
of DDR interface specification and the control LSI512. Input/ 
output circuits 503 in the DRAMs 511 are connected to an 
input/output circuit 504 in the control LSI 512 by means of 
bus to allow data transmission and reception between them. 
These are arranged on one or a plurality of printed boards (not 
shown) and are interconnected via metal wires, thereby con 
structing the system board. 



US 2010/0321095 A1 

0285 513 designates the fuse circuits. 514 designates a 
fuse control circuit. 515 designates a regulating circuit for 
controlling the input/output circuit 504. 507 designates a 
functional block which has a function of the application in 
which the control LSI is used. The fuse circuit 513 includes 
resistance variable layers 119 of a prescribed number having 
the structure of Embodiment 1 as fuse elements. The fuse 
circuits 513 and the fuse control circuit 514 correspond to 
portions of the address storage register for redundancy 408 
shown in FIG.28 described in application example 1 such that 
they are separately arranged. Each of the fuse circuits 513 
includes the program elements F119a . . . and the program 
element selector circuit 408, in the address storage register for 
redundancy 408. The fuse control circuit 514 includes circuits 
corresponding to the write circuit 410, the read circuit 411, 
and the control circuit 412 in the address storage register for 
redundancy 408. The fuse circuits 513 and the fuse control 
circuit 514 which are separately arranged are interconnected 
by means of a signal line corresponding to the first common 
signal line BUS Tor the second common signal line BUS B. 
In this application example, as shown in one-dotted line of 
FIG.30(b), the DRAMs 511 are connected to the control LSI 
by means of a common bus. In an initialization stage of the 
system just after a power is ON, when the DRAMs are not 
operated yet, the program information is transmitted. In the 
following normal operation, the fuse elements are set to be 
electrically disconnected by the program selector circuit. 
0286. In this application example, even after system 
boards are each completed with the DRAMs 501 and the 
control LSI 502 being coupled to the system board, the sys 
tem boards can be individually regulated so that optimal 
values are written by reflecting variations in mounted semi 
conductor devices or printed boards. Thus, the system design 
is easily made, and as a result, a highly reliable semiconductor 
system is provided. 
(0287 Placing the fuse elements in the DRAMs like this 
application example, has an advantage, because in actual 
circumstances, the control LSI is manufactured in various 
manufacturing process steps and have been developed to have 
various specification and functions, and many manufacturers 
are generally developing and producing many kinds of con 
trol LSI in small quantities. 
0288 Therefore, the program elements which are stable 
and highly reliable can be provided by addition of a few 
manufacturing process steps and with a simple circuit con 
figuration, but they cannot be always incorporated into the 
system which requires these program elements. 
0289. In contrast, DRAMs have standardized specifica 
tion and have been developed and produced in a few kinds and 
in large quantities. In accordance with Embodiment 1, since 
the nonvolatile resistance variable elements are formed in 
such away that the resistance variable layers are formed at the 
upper side of the uppermost wires and the potential is led out 
from the underlying layers, even in the case of the DRAM, 
program elements which are stable and highly reliable can be 
provided by making use of the existing DRAM manufactur 
ing process steps or circuits, by adding a few manufacturing 
process steps and with a simple circuit configuration. 
0290. By placing the fuse elements of a prescribed number 
in the DRAMs and standardizing control specification of 
writing and reading for the fuse elements, many control LSI 
manufacturers may design the fuse control circuits 514 
according to the specification and with the existing control 
LSI manufacturing process steps. In the system incorporating 
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the DRAMs, the fuse elements in this application example 
can be used widely, when necessary. 
0291 Although in the example of FIG. 30(b), the fuse 
circuits 513 and the fuse control circuit 514 are placed sepa 
rately such that the fuse circuits 513 are placed in the DRAMs 
and the fuse control circuit 514 is placed in the control LSI, 
they may be placed together in the DRAMs like the example 
of FIG. 30(a), instead of separately. 
0292 Although in this application example, the system 
incorporating the DRAMs of DDR specification is described, 
the present invention is not limited to this, but may be applied 
to a system incorporating a plurality of high-speed proces 
sors, in the same manner. 

Application Example 3 of Embodiment 1 
0293. Application example 3 relates to regulation in a 
system including various sensors and semiconductor devices. 
0294 FIG.31 is a view showing an exemplary application 
of the semiconductor device of Embodiment 1 to a system 
including an external information input device. A system 520 
is configured to include a sensor 521, an analog processing 
LSI 522 and a digital processing LSI 527. As shown, the 
system 520 is configured to include an external information 
input device (sensor 521), an analog processing LSI mounted 
chip (hereinafter referred to as “an analog processing LSI 
522) which receives an output signal from the input device, 
and a digital processing LSI mounted chip (hereinafter 
referred to as “digital processing LSI527) which receives an 
output signal from the analog processing LSI mounted chip, 
and a correction circuit 526 using the semiconductor device 
100 of Embodiment 1 as the element for regulating the output 
of the analog processing LSI mounted chip is incorporated 
into the analog processing LSI mounted chip. 
0295 The sensor 521 corresponds to the external informa 
tion input device, and is constituted by a sound source input 
microphone, MEMS for detecting a position change, etc. 
0296. The analog processing LSI 522 includes an ampli 
fier 523, a LPF (a low pass filter) 524, an ADC (an A-D 
converter) 525, and the correction circuit 526. The correction 
circuit 526 includes the program elements having the struc 
ture of Embodiment 1 of the present invention and has a 
circuit configuration similar to that of the address storage 
register for redundancy 408 shown in FIG. 28 in application 
example 1. Conventionally generally known means is used as 
a regulation method of an analog circuit, and therefore, will 
not be described in detail. 
0297. The digital processing LSI527 has a function of an 
application in which the LSI is used. 
0298. In the above configuration, the correction circuit 
526 is configured to finely regulate the output of ADC 525 
which is signals given to the digital processing LSI, to correct 
both of a manufacturing variation in sensors 521 and a manu 
facturing variation in respective blocks constituting the ana 
log processing LSI. Thus, a high-performance analog circuit 
system can be constructed. 
0299 The analog processing LSI is not so highly inte 
grated but requires a high precision property with a less 
variation in transistors, etc or a high output property. There 
fore, a CMOS process or Bipolar CMOS process which is not 
relatively restricted in process rule is frequently used for the 
analog processing LSI. On the other hand, the digital process 
ing LSI requires high integration and high-speed processing. 
Therefore, CMOS process using microfabrication is fre 
quently used for the digital processing LSI. 
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0300. In the above configuration, also, in accordance with 
Embodiment 1, since the nonvolatile resistance variable ele 
ments are formed in Such a way that the resistance variable 
layers are formed at the upper side of the uppermost wires and 
the potential is led out from the underlying layers, in the 
analog processing LSI, program elements which are stable 
and highly reliable can be provided by making use of the 
manufacturing process steps and library of the analog pro 
cessing LSI, by adding a few manufacturing process steps and 
with a simple circuit configuration. Thus, the system is easily 
designed. In addition, after completing system boards, the 
system boards can be individually regulated. As a result, a 
semiconductor system which is highly reliable is provided. 

INDUSTRIAL APPLICABILITY 

0301 A semiconductor device of the present invention is 
useful as Switching elements incorporated into electronic 
hardware, as a device for regulating an element characteristic 
of a semiconductor device of analog elements or memory 
elements, and a device for regulating a variation in many 
semiconductor devices other than chips or a variation in elec 
tronic hardware Such as sensors. 

DESCRIPTION OF REFERENCE NUMERALS 

0302) 10 semiconductor device incorporating conven 
tional nonvolatile resistance variable element 
0303 100, 200, 300, 400, 500, 600, 700, 800, 900 and 
1000 semiconductor devices incorporating nonvolatile resis 
tance variable element of the present invention 
0304 101 substrate 
0305 102 main circuit 
0306 103 fuse circuit 
0307 104 gate electrodes of transistors 
0308 105 diffusion layers of transistors 
0309 106 first interlayer insulating layer 
0310 107 first contact 
0311 108 first wire 
0312 109 second interlayer insulating layer 
0313 110 second contact 
0314. 111 (n-1)-th wire 
0315 112 n-th interlayer insulating layer 
0316 113 n-th contact 
0317 114 uppermost wire (n-th wire) 
0318 115 (n+1)-th interlayer insulating layer 
0319 116, 117 (n+1)-th contact 
0320 118a, 118b, 118c, 118d lower electrode of resis 
tance variable element 
0321) 119 resistance variable layer 
0322 120 passivation layer 
0323) 121 pad hole 
0324 122a, 122b, 122c, 122d, 122e, 122fupper electrode 
of resistance variable element 
0325 123 hole of resistance variable layer 
0326 124, 125 wire trench 

1. A semiconductor device comprising: 
a semiconductor Substrate; 
a plurality of transistors formed on the semiconductor Sub 

Strate; 
a multi-layered wire structure including wires arranged in 

different layers via an insulating layer above the plural 
ity of transistors, the multi-layered wire structure con 
necting a resistance variable element to the transistor, 
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the resistance variable element being configured to 
change its resistance in response to Voltages applied 
thereto; 

a first terminal and a second terminal which are formed 
above an uppermost wire of the multi-layered wire struc 
ture and are electrically connected to the uppermost 
wire, or the first terminal and the second terminal which 
are formed in a part of the uppermost wires; 

a resistance variable layer which is arranged to cover and 
contact an upper surface of at least both of the first 
terminal and the second terminal; and 

the resistance variable element including the first terminal, 
the resistance variable layer and the second terminal. 

2. (canceled) 
3. (canceled) 
4. The semiconductor device according to claim 1, wherein 

the upper surface of the resistance variable element is covered 
with only a passivation layer. 

5. The semiconductor device according to claim 1, wherein 
a material of the first terminal is different from a material of 

the second terminal. 
6. The semiconductor device according to claim 1, wherein 
either one of the first terminal and the second terminal 

includes an electrode layer comprising precious metal 
which is in contact with the resistance variable layer. 

7. The semiconductor device according to claim 1, wherein 
a conductive layer which is lower in resistance than the 

resistance variable layer is formed on the upper Surface 
of the resistance variable layer. 

8. The semiconductor device according to claim 7, wherein 
the conductive layer includes the electrode layer compris 

ing precious metal in contact with the resistance variable 
layer. 

9. A semiconductor substrate; 
a plurality of transistors formed on the semiconductor Sub 

Strate; 
a multi-layered wire structure including wires arranged in 

different layers via an insulating layer above the plural 
ity of transistors, the multi-layered wire structure con 
necting a resistance variable element to the transistor, 
the resistance variable element being configured to 
change its resistance in response to Voltages applied 
thereto; 

a first terminal and a second terminal which are formed 
above an uppermost wire of the multi-layered wire struc 
ture and are electrically connected to the uppermost 
wire, or the first terminal and the second terminal which 
are formed in a part of the uppermost wire; 

a resistance variable layer which is arranged to cover and 
contact an upper Surface of at least one of the first ter 
minal and the second terminal; 

the resistance variable element including the first terminal, 
the resistance variable layer and the second terminal, 
and 

the resistance variable layer including two transition metal 
oxide layers which comprise a transition metal oxide 
and are different in oxygen concentration, and a portion 
of the resistance variable layer which is in contact with 
one of the first terminal, the second terminal and a con 
ductive layer, the conductive layer being lower in resis 
tance than the resistance variable layer and being formed 
on the upper Surface of the resistance variable layer, is 
the transition metal oxide layer with higher oxygen con 
centration, of the two transition metal oxide layers. 
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10. (canceled) 
11. A method of manufacturing a semiconductor device 

comprising the steps of 
forming a plurality of transistors on a semiconductor Sub 

Strate; 
forming wires in different layers via an insulating layer 

above the plurality of transistors; 
forming a first terminal and a second terminal on an upper 

most wire such that the first terminal and the second 
terminal are electrically connected to the uppermost 
wire; 

forming a resistance variable layer Such that the resistance 
variable layer covers and contacts an upper Surface of at 
least one of the first terminal and the second terminal; 
and 

covering an entire Surface of the resistance variable layer 
with a passivation layer. 

12. (canceled) 
13. The method of manufacturing the semiconductor 

device according to claim 11, further comprising the step of 
forming a conductive layer over the upper Surface of the 

resistance variable layer, the conductive layer being 
lower in resistance than the resistance variable layer. 

14. A semiconductor chip comprising: 
the semiconductor device as recited in claim 1; and 
a semiconductor memory or an analog processing LSI. 
15. A system comprising: 
a semiconductor chip incorporating the semiconductor 

device as recited in claim 1; and 
a chip incorporating a semiconductor memory or a chip 

incorporating an analog processing LSI, the chip being 
electrically connected to the semiconductor chip. 

16. A semiconductor chip comprising a fuse circuit into 
which the semiconductor device as recited in claim 1 is incor 
porated to relieve faulty bits in a semiconductor memory. 
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17. A system comprising: 
a semiconductor memory mounted chip; and 
a control LSI mounted chip electrically connected to the 

semiconductor memory mounted chip; 
wherein a fuse circuit using the semiconductor device as 

recited in claim 1 is incorporated into the control LSI 
mounted chip to relieve faulty bits in a semiconductor 
memory. 

18. A system comprising: 
a semiconductor memory mounted chip; and 
a control LSI mounted chip electrically connected to the 

semiconductor memory mounted chip; 
wherein a fuse circuit using the semiconductor device as 

recited in claim 1 is incorporated into the semiconductor 
memory mounted chip to relieve faulty bits in a semi 
conductor memory. 

19. A semiconductor chip comprising: 
a correction circuit configured to regulate an output of an 

analog circuit, the correction circuit incorporating the 
semiconductor device as recited in claim 1. 

20. A system comprising: 
an external information input device; 
an analog processing LSI mounted chip configured to 

receive an analog output signal from the input device; 
and 

a digital processing LSI mounted chip configured to 
receive a digital output signal from the analog process 
ing LSI mounted chip, 

wherein a correction circuit incorporating the semiconduc 
tor device as recited in claim 1 is incorporated into the 
analog processing LSI mounted chip to regulate an out 
put of the analog processing LSI mounted chip. 

c c c c c 


